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Editorial Comments 


Port of Liverpool, 

The modern Port of Liverpool may be said to date from 1857, 
in which year an Act of Parliament was passed forming a new 
Authority to take charge of the docks and harbours of both 
Liverpool and Birkenhead, which formerly had been controlled, 
at various times, by both private and municipal enterprise. This 
new body was called the Mersey Docks and Harbour Board, and 
modified in certain respects by subsequent Acts of Legislature, 
administers the port to-day, being also charged with the con- 
servancy and the lighting, marking and buoying of the estuary; 
it is also the Pilot Authority for the port. 

Liverpool is second only to the Port of London in importance, 
and besides possessing great natural advantages, stands at the 
threshold of the great manufacturing districts of Lancashire and 
the Midlands, and in close proximity to the coal fields of North 
Wales and Northern England. It is the principal port of Great 
Britain for the United States of America and Canada, and some 
of the largest vessels afloat pass through the estuary channels. 
Where interior communications are concerned, it is linked by rail 
and inland waterways, including the Manchester Ship Canal, 
with the whole of Great Britain. 

Last month we published a paper by Captain E. C. Shankland, 
R.N.R., upon the River Thames and the approach channel to the 
Port of London, the estuary having been improved and main- 
tained solely by dredging without the aid of any artificial training 
works. We are now privileged to reproduce in this issue a paper 
by Mr. Leopold Leighton, which deals with the improvement and 
regularisation of the estuary of the River Mersey which, in this 
case, was carried out by both dredging and training works. 

Physical and other features of tidal estuaries differ so greatly 
that it is impossible to enunciate any laws in respect to their 
regularisation and improvement which can be applied universally, 
and to most axioms there probably will be some exceptions or 
modifications in their application. 

It is generally considered that comparison of river and estuary 
problems, with the object of applying similar solutions, is not 
practicable and, while it is undoubtedly true that no exact parallel 
cin be drawn, it is nevertheless helpful to consider as many 
examples as possible so as to arrive at definite conclusions from 
‘ny points of similarity or of difference which may be examined. 

1 these reasons we are giving readers the opportunity of study- 

¢ the Thames and the Mersey improvement works and the widely 
ciffering physical and geographical features of the two estuaries. 

Perhaps two most important axioms, or general principles, 

plicable to both rivers, and probably to all estuarial improve- 


ment problems of a similar character, are those of taking full 
advantage of the tide, and of carefully orienting a channel of 
sufficient width and depth to accord, as far as possible, with the 
natural directions of the tidal currents and predominating seas. 

Again, in the case of both estuaries, the use of tidal models has 
been of considerable value, in the case of the Thames for proving 
that training works were not needed, and in that of the Mersey 
for confirming the efficacy of the finally adopted scheme of train- 
ing works and dredging. This scheme, judging from observed 
results in the prototype, even though the work is not yet fully 
completed, appears likely to achieve the object of the design. 

Readers will observe with interest the methods adopted in 
constructing the revetments and training banks and also the types 
of hopper craft and dredgers which were used in the work. 


Suggested Increase in Charges at British Ports. 

In view of the comments of Sir Cyril Hurcomb, Chairman of 
the British Transport Commission, when he presented the Com- 
mission’s first Annual Report, the decision to apply for increased 
rail, canal and dock charges was regarded in port and shipping 
circles as inevitable, and in December last a new Charges Scheme, 
covering all merchandise traffic (excluding coal, coke and patent 
fuel), was issued by the Commission for discussion with traders 
and all other interested parties. 

Following its publication, in accordance with Part V of the 
Transport Act, the scheme was submitted to the permanent mem- 
bers of the Transport Tribunal, the Chairman being Sir Bruce 
Thomas, K.C., and the other members, Mr. H. E. Parkes and 
Mr. A. E. Sewell. In January last a public enquiry was held 
in respect to the proposed increase of 3s. 4d. in the £ on rail 
freight charges. This hearing lasted eleven days and subsequently 
the Transport Tribunal, acting as a consultative committee, again 
met in London early in February to consider the Commission’s 
application for further increases, These were 16 2/3% on their 
present canal charges, additional charges from 25% to 50% on 
the pre-war statutory dues on ships and goods in the case of coast- 
wise vessels, and from 75% to 100% on other pre-war statutory 
dues. 

At the hearing, it was pointed out that the Commission own 
and administer some 70 dock undertakings, formerly owned by 
the Railway Companies, with a few docks of minor importance 
which were acquired from the Inland Waterways. These docks 
represent about 30% of British port facilities, and handle a total 
of some 40% of the country’s imports and exports. Last year 
the docks showed a working deficit in the region of £1,000,000 
per annum, and the inland waterways a deficit of about £500,000 









per annum, It is estimated that the proposed increases will add 
£900,000 to dock revenue and £100,000 to the canal income. 

If the increase is granted, it will not be sufficient to cover all 
the deficit, and although the income for 1949 was a little higher 
than for 1948, and it is also estimated that during 1950 there will be 
an increase of about two million tons of coal and one million tons 
of crude oil through the docks, it is thought probable that the 
increased revenue will make little difference to the position, owing 
to the rising costs of handling and other charges. 

In general, as matters stand at present, the prevailing rates at 
the Commission’s docks are lower than the charges at the 
independent ports, and it therefore seems reasonable that the 
charges should be brought more into line. The Commission have 
stressed the need for an early decision by the Minister of Trans- 
port, in view of the all-round losses on their undertakings, and 
as the matter is obviously urgent, it is to be hoped that a Ministerial 
announcement will not be long delayed. 


The International Navigation Congress. 


In this issue we conclude the publication of the General Reports 
on the papers presented at the Navigation Congress held in Lisbon 
last year. 

The Third Communication of Section II, Ocean Navigation, 
deals with land traffic routes across canals and port waterways, 
the General Report being by Mr. J. A. B. Carmona. The choice 
of the means of crossing waterways must naturally depend upon 
local conditions in respect to the relative importance of traffic on 
the waterway, and road or railway, together with the size of 
vessels using the waterway, besides geographical considerations, 
such as land levels, etc. For the more usual dock conditions, 
the authors of the various papers appear generally to prefer single 
or double leaf bascule bridges, instead of the swing bridge which 
for many years has been well favoured, 

The Fourth Communicat:on of Section II is devoted to the 
penetration of waves and swell into harbours, and wide interest 
in this important subject is shown by ten papers being submitted 
to the Congress. It is regretted, therefore, that owing to space 
restrictions, the General Report by Mr. Viriate Cannas has had to 
be much abridged. Nevertheless, what remains from a study of 
each paper, summarises the general conclusions arrived at and 
will, we think, prove of value and interest. 

The International Navigation Congress is an organisation 
devoted to many branches of engineering. It provides professional 
engineers of all nationalities with the opportunity to submit papers 
to the Congress and to meet and discuss the problems in which 
they are specially interested. Closer international collaboration, 
so that accumulated knowledge may be shared by all, is a most 
desirable principle in a world which is becoming increasingly 
dependent upon the fullest development of all the engineering 
sciences. 

This Journal has always been keenly aware of the benefit of the 
dissemination of knowledge and has endeavoured, where possible, 
to provide facilities for a more general interchange of information. 
We are therefore gratified by the interest which has been aroused 
by our publication of the proceedings of the 1949 Congress, and 
are hoping, as space permits, to publish further individual papers 
which may be of special interest to Port Authorities. 


Quay Layout, 

Following the publication last month of the paper by Mr. 
Robert W. Abbett, readers will be interested in studying two 
further contributions to the subject of Quay Layout by Mr. H. D. 
Stevenson and Mr. S. W. Osgood, which we are enabled to 
reproduce in the present issue by the kind permission of the 
American Association of Port Authorities. 

Readers will observe that most of the remarks of these con- 
tributors refer to the pier type wharves prevalent in American and 
in some British ports. A significant statement by Mr. Osgood 
is to the effect that the use of quay cranes does save money in 
reducing ship loading and unloading times, although he gives no 
reasons for arriving at that conclusion. 

While custom and practice at no 


two ports are alike, 
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and indeed, are often widely divergent, it is certain thai close 
examination of the respective mer.ts of various systems of hand- 
ling traffic must always be helpful, in order that, by a process of 
selective evolution, those methods best adapted and most economic 
to the purpose in view, may be adopted, developed and possibly 
improved. The desirability and benefit of studying the many 
possible ways of accomplishing the same object has been recog. 
nised constructively for many years by the American Association 
of Port Authorities, and we have referred on several occasivns to 
that branch of activity of the Association which specially deals 
with port design, layout and equipment. 

In view of their past active competition with one another, 
which in our view has often been carried to needless lengths, it is 
not difficult to understand the attitude of detachment and aloof- 
ness which has characterised certain British port administrations 
and which, in some cases, unfortunately still persists. 

We can only reiterate our previous suggestions in respect to 
the systematic publication and exchange of data as being the best 
means of improving the general efficiency of port working in the 
United Kingdom. 


Future Control of Clyde Ports. 


Early last month, members of the Docks & Inland Waterways 
Executive paid a five-day visit to the Clyde to consider suggestions 
which had been made for the unification of ports in that area. 
Three schemes have been put forward which, briefly, are as 
follows:— 

The first provides for the establishment of a single authority 
to be locally controlled and operated on a self-supporting basis 
and having the right to raise its own capital. This authority 
would consist of a chairman and 12 other members, who would be 
appointed by local interests representing shipowners, traders, 
organised labour, and public or local Government authorities. 

The second scheme provides for full centralisation under the 
Transport Commission, who would both own and administer the 
unified undertaking, delegating to the Docks Executive the 
responsibility for exercising the Commission’s powers and duties 
under the scheme. The Executive would appoint a docks manager 
for the undertaking, who would be responsible for the day-to-day 
management, This manager would also be the chairman of a 
Port Advisory Committee of nine rfiembers, three each being 
nominated by shipowners, traders, and organised labour respec- 
tively. The Commission would be responsible for preparing a 
charges scneme for confirmation by the Transport Tribunal. 

The third scheme is a compromise between the other two, which 
provides for ownership of the harbour and navigational facilities 
by the Transport Commission, but for administration by a local 
managing body. As suggested for the first scheme, the com- 
position of this body would be a chairman and 12 other members 
nominated as indicated above, but the local corporation would 
not be responsible for raising capital or borrowing money, while 
the Transport Commission would, after consultation with the 
corporation, prepare a charges rate structure in the same way as 
suggested for the second scheme. 

Following an interview with the press on the last day of his 
visit, Sir Reginald Hill, the Chairman of the Executive, made it 
clear that the above schemes are not immutable. He pointed out 
that although they had had a number of discussions, they had 
not yet arrived at any definite conclusions. It is probable, how- 
ever, that a solution will be found along the lines of one or other 
of the three schemes being reviewed. 

In conclusion, Sir Reginald said: ‘‘ The next step is that we 
shall make a report of our conclusions to the British Transport 
Commission, and they, if they agree with us, will embody the 
effects in a scheme which will be sent to the Minister of Transport. 
Before it can become law, the Minister must confirm it, and his 
first step will be to embody it in a Draft Order, which will be 
advertised in the ‘ Gazette’. At that stage he will consider any 
objections or representations made to him. Finally, if objections 
still obtain after the Minister has gone through this procedure, it 
is provided that the scheme must go through special Parliamentary 
procedure ’’, 
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The River Mersey and the Port of Liverpool 


Improvement of the Estuary by Diedging and Training Works* 


By LEOPOLD LEIGHTON, M.LC.E. 
(Formerly Engineer-in-Chief of the Mersey Docks and Harbour Board, 
Liverpool). 


Introductory 


The Estuary of the River Mersey consists of three areas, the 
Upper Basin—covering an area of 36 square miles, the Narrows— 
a straight deep channel lead.ng to the Lower Estuary—Liverpool 
Bay. It is the improvement and maintenance of the navigable 
channels in the latter, giving access to the docks, which is the 
subject of this paper. 

Regime of the Mersey 


In connection with the regularisation and maintenance of the 
natural sea channels in the Liverpool Bay, forming the navigable 
approach to the Port of Liverpool, the Manchester Ship Canal 
and Garston and Bromborough Docks, much engineering work 
has been carried out. 

First the dredging of a cut through the bar at the seaward end 
of the entrance channel, followed by further dredging works to 
maintain and regularise the channels, which eventually led to the 
construction of the extensive training banks which are now 
approaching completion, the alignment of which was agreed upon 
after extensive experiments with scale hydraulic models. 

The following communication on the work may perhaps be of 
interest to engineers wharhave similar problems to deal with. 

In order to appreciate the type of river with which the com- 
munication deals, the following brief description of the river is 
given as an introduction (see Plan ‘‘ A’’). 

The River Mersey rises in Cheshire at the junction of two small 
rivers and has a length from its source to its mouth between the 
north end of Liverpool on the Lancashire shore and New Brighton 
on the Cheshire shore, of 56 miles, 

The total drainage area of the several rivers and streams which 
flow into the Mersey is computed at 1,724 square miles and the 
total amount of up-river water discharging into the estuary is 
estimated at from two to threé million cubic yards every twelve 
hours. 

From Warrington the river is tidal and from this point to 
Runcorn, a distance of ten miles, it is an ordinary narrow tidal 
river passing through low-lying marsh lands with little fall. At 
Runcorn the river passes into a large upper estuary, which extends 
seawards to the south end of Liverpool, a distance of about 123 
miles, by from two to three miles wide, with an area of 30 square 
miles. This upper estuary is filled to about half tide level, with a 
deposit of sand, which mostly becomes dry at low tide. This 
part of the river, owing to its form and size, plays an important 
part in maintaining the deep water abreast of Liverpool as well 
as in the sea channels which form the approaches to the river 
proper and which are the subject of this communication. 

At the south end of Liverpool the upper estuary narrows and 
assumes the form of a magnificent deep water river of about six 
miles in length, entering the sea or bay at the north end of Liver- 
pool, 

This length of the river is 1,000 yards wide at its narrowest part 
and about 1,800 yards wide at the mouth. There is ample width 
in this deep reach of the river which passes Liverpool on the east 
side and Birkenhead on the west side; both places having extensive 
dock systems; for the convenient handling and anchoring of a 
larze number of the largest ships,’ the soundings at low water for 
the most part ranging from 40 to 50 feet, with considerable areas 
below 60 feet. 

rom the point where the River Mersey enters the sea at New 
Brchton on the Cheshire shore, that shore trends westerly in a 
straight line to the mouth of the Dee, a distance of about eight 
miles, and the Lancashire or east shore in a straight line northerly 
for the same distance. 


Within these coast lines are contained about 23,000 acres of 
sand banks, large areas which are dry at low water. 

Over and through these banks the flood and ebb tides force 
their way, and in so doing form the navigable channels giving 
access to the port for vessels. 

The tidal range in the Liverpool Bay is as follows:— 

The datum, known as Bay Datum, is low water of an 
equinoctial spring tide. 

The average height of a spring tide above this Datum is 
28-ft. 6-in. and the average height of a neap tide above 
Datum is 22-ft. 9-in. 

The average low water of a neap tide is 7-ft. 6-in. above 
Bay Datum. 

The volume of tidal water entering the river is estimated at 
710 million cubic yards on spring tides and 281 million 
cubic yards on neap tides. 

The charts, which date from 1689, show that the navigable 
channels formed in the sand banks of the bay changed during the 
years, there generally being one main channel with other secondary 
channels forming what might be termed a submerged delta. 

About i870 the main outer channel, known as the Queen’s 
Channel, became established in about its present position and 
entered the Crosby Channel which flows along the Lancashire 
shore on its east side in a southerly direction, to enter the River 
Mersey at Liverpool. 

From this date to 1890 the Queen’s Channel tended to improve 
and had this time a general depth of 25 feet at low water in the 
shallowest local parts, with widths of 2,000 feet between the 
buoys marking the channel (see Plan ‘‘ B’’, Fig. 1). 

At its seaward end the Queen’s Channel discharged into the 
40-ft. deep sea channel over a sand bar mainly derived from the 
sea and principally composed of coarse heavy sand. 

It was stated at the International Maritime Congress held in 
London, July, 1893: 

‘‘It will be seen that for the whole distance between Liver- 
pool Docks and the sea, there is ample depth of water in the 
main channel on all conditions of tide, except at the bar, 
and it is at this spot that amelioration is required.’’ 

In 1890 the depth of water at this bar varied from about 10/12 
feet at low water of spring tides and about 19 feet at low water 
of neap tides; to 31 feet at high water of neap tides and 41 feet 
at high water of spring tides. 


Early Development by Dredging 

After careful consideration of the engineering and economic 
factors involved in such a large work the Mersey Docks and 
Harbour Board, in order to meet the requirements of shipping 
which was increasing in draft and becoming impatient of delays, 
due to having to wait for sufficient depth of water over the bar, 
and so that the approach to the Port of Liverpool should com- 
pare favourably with ports on the American side of the Atlantic, 
decided to dredge a cut through the bar by means of suction 
dredging. The ultimate result to be achieved was a cut of 1,500 
feet wide with a depth of 28/30 feet at low water of spring tides. 

This work was commenced in September, 1890, in an experi- 
mental way with a steam hopper barge of 500 tons capacity, 
which was converted to a sand pump dredger. A second and 
similar vessel was converted and commenced working the follow- 








*A paper presented at the International Navigation Congress, 1949, in 
respect to Section II, Ocean Navigation, Question I. ‘‘ Regularisation of 
natural and artificial estuaries.’’ Reprints of this paper can be obtained 
on application to the Permanent Association of Navigation Congresses, 
Brussels, Belgium. 
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The River Mersey and the Port of Liverpool—continued 
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[win screw sand pump dredger ‘‘ Leviathan.’’ Commissioned 1909. 


quantities of sand are to be removed. 


ing year. The experiment, having proved satisfactory in that 
the sand forming the bar was removed economically by this type 
of dredger, it was decided to build special dredgers of much larger 
capacity. Between 1890 and 1903 three vessels, having hopper 
capacities of 3,000 tons of sand each; were placed in commission 
and a further vessel haying a hopper capacity of 10,000 tons was 
placed in commission in 1909. 

The actual dredging of the bar was completed without trouble 
or delays in 1905 and maintained the required depths with 
reasonable maintenance dredging. 

The axis of the dredged cut across the bar corresponded with a 
line passing through the Formby and Crosby light vessels. There 
was thus a single course from the bar light vessel to the Crosby 
light vessel and a second course from the Crosby light vessel to 
the entrance to the river proper. 

This excellent channel was stabilised and maintained with 
normal dredging for a tidal river flowing through a bed of readily 
erodable material such as sand. 

About this time soundings revealed that erosion was taking place 
on the concave or north-east side of the bend in the main channel 
at Taylor’s Bank, in the region of Askew Spit, with a consequent 
accretion of the Spit and a movement of the whole channel at 
the bend in a northerly direction, accompanied by a narrowing 
and deepening of the fairway, thus reducing the radius of the 
bend which became more acute. 

No doubt this movement was caused by the additional flood 
water admitted into the channel through the new dredged cut at 
the bar, and frequent soundings indicated that the movement 
was continuous and gave no sign of abatement. In fact, the 
acceleration became so serious that it seemed that the bend would 
become a peril to navigation and that possibly a subsidiary 
channel to the sea might be formed and so destroy the advantages 
which had so far been achieved by the dredging operations. 


Revetment of Banks of Channel 


Remedial measures were, therefore, necessary and the engineer- 
in-chief proposed to revet the slope of the concave bank with 
suitable limestone rubble which would not be removed by the 
currents. The revetment was aligned so as to form part of any 
comprehensive scheme of training banks which it might be found 
necessary to construct in the future. 

it is interesting to note that the revetment at Taylor’s Bank is 
pobably the first work to the design of which the principles 
enunciated by Professor James Thompson before the Royal 
Society in 1876 on the flow of water on bends were applied in 


ial engineering practice. 
‘minent engineers experienced in river work collaborated and 


Hopper capacity 10,000 tons. Built for special sites where large 


This vessel dealt with the intensive dredging on Taylor’s Spit in connection with the Training Bank 
works. Note cranes for Suction Pipes. 


agreed with the proposals, which were approved by the Authori- 
ties concerned, so that accordingly the work was put in hand in 
1909 and completed in 1910. This revetment proved satisfactory 
in all respects and stabilised the bank in its position without 
further erosion. 

In addition to the erosion mentioned at Taylor’s Bank, shoaling 
began to develop at the seaward end of Crosby Channel and 
considerable dredging was necessary on this site to maintain 
suitable depths. 

The successive surveys of the bar and sea channels about 1912 
showed that in the last few years the extent of the improvement 
in depth of the channels did not correspond with the increased 
amount of dredging work done, and that little, if any, progress 
was made. It, therefore, seemed that the limits of improvement 
by dredging means were or had been approached and that, there- 
fore, some other method of maintaining and deepening the 
channels would have to be considered. 

Since the year 1890, when dredging was begun on Liverpool 
Bar, considerable tonnage had been dredged to the end of 1926, 
the proportions from the various sites being: 





From the Queen’s Channel ... ... 40% 
From the Bar eeu eae”: wae jamie ae 
From the Crosby Channel ... ... 37% 

100% 


Training Walls Proposed 

The engineer-in-chief and his collaborators, after due consider- 
ation and observations extending over a considerable period, 
agreed upon a scheme of training walls for stabilising the inner 
reach of the main channel between the mouth of the river and 
Askew Spit. This work was not immediately commenced as, 
with the exception of a slight further decrease in the width of 
the fairway round the Askew Spit, the channels had not 
deteriorated to any great extent. Moreover, the 1914-1918 War 
prevented work of this nature being carried out in Liverpool Bay, 

After this date, owing to lack of plant and material, partly due 
to the disorganisation of the stone quarries, the construction of 
the inner channel training walls was not commenced until 1923. 
In 1923 the West Crosby training bank was commenced, and 
completed to point “‘ E ’’ in 1929 (see Plan ‘‘A’’). The height 
of this bank is 10-feet above Datum. During the years 1918-1923 
the outer channel had commenced to move to the southward in 
the vicinity of Taylor’s Spit, with consequent accretion of the Spit 
and erosion of the Little Burbo Bank. Moreover, the blind flood 
channel on the line of one of the earlier channels behind the 
Askew Spit had increased considerably in depth and extent. The 
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Photograph of Taylor’s 
before it has settled. 

The stone revets or paves the existing sloping bed of the channel to 
prevent scour. It is deposited (A) at the top of the slope, finally settling 
down by gravity, wave and tidal action until it assumes a natural slope— 
its final position. 


Bank showing stone initially deposited and 


The training banks as opposed to the revetment are constructed as shown 
at (B) by hoppers depositing stone at High Water, the method of dump- 
ing being indicated at (C). 


position of the channels at this date was as shown in Plan ‘“‘ B”’, 
Fig. 2, and it became increasingly clear that the training bank 
works which had been under discussion since 1912 should be 
proceeded with. 


Experiments with Models 


The factors involved regarding the alignment and construction 
of the training banks being so important and costly, it was decided 
to study the question with the help of a scale model, in accordance 
with the principles put forward by Professor Osborne Reynolds 
before the British Association in 1889, though so far as is known 
at this date, 1923, very few models had been made for the study 
of any particular problem in Great Britain. 

Accordingly, such data as was available was studied and a 
model constructed covering the bay some distance beyond the bar 
light ship and extending to Warrington with the Cheshire Shore 
to Hilbre Point and the Lancashire Shore to Formby Point in- 
cluded, the axis of the tidal generator being about at right angles 
to the axis of the Queen’s Channel. 

The rectangular dimensions of the model were 48-feet by 
28-feet, horizontal scale 1 : 4200, vertical scale 1: 192, and the 
periodic time 147 seconds. 

The first experiment might be called a test of the truth of the 
model. The bed of the model was constructed to the 1906 sound- 
ings and tides were to be run until the conditions of 1910 were 
reproduced, A certain amount of trouble was experienced with 
the sand forming the bed of the model and also ripple formation. 
The vertical scale was then altered to 1: 168 and the tidal period 
to 141 seconds, with a view to increasing the momenta of the 
currents, which it was thought might elminate the ripple form- 
ation. 

The vertical scale was again altered to 1 : 144 and the periodic 
time to 128 seconds and finally the original vertical scale of 
1: 192 with the periodic time quickened to 95 seconds was adopted 
and the model run for a further 10.664 tides. In all, this model 
was operated for 286,848 tides between 1923-1929. 

While the results given by this model indicated that such 
experiments could be of great help in deciding upon the training 
banks, it was felt that the model did not give sufficiently reliable 
information on which to base such important and costly works. 

It was decided that a larger and more elaborate model should 
be constructed and, fortunately, about this date, 1929, Professor 
Gibson at Manchester University had successfully completed and 
operated the important scale model in connection with the Severn 
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Barrage Scheme, having in so doing completed much valuable 
research work on the subject and greatly advanced the technique 
of model construction and operation, which was applied to a 
particular case, when the model results could be compared with 
actual results in nature. 

Professor Gibson agreed to undertaké the work and collaborate 
with the engineer-in-chief to the Board and the other engineers 
who were considering the matter. 

A model was accordingly constructed at Manchester University, 
having a horizontal scale of 1 :7040, vertical scale 1 : 190, 
vertical exaggeration 37 : 1, scale of horizontal velocities 2.68 : 1, 
tidal period 87.1 seconds, 

The model extended from Warrington up river and the Mersey 
and Dee Estuaries were both included in the scope of the model, 
as no doubt the Dee has some effect on the velocities and direction 
of the tidal currents entering the Mersey. The shore line of the 
model extended from two miles west of the Point of Ayr and sea- 
wards to about four miles north-west of Queen’s Channel, the 
axis of the tide generating box being slightly east of north. The 
surface area covered by the model was approximately 575 square 
miles, the tides being produced by the vertical motion of a motor 
driven balanced displacer of 21 square feet mean sectional area 
in plan, the stroke of which was varied from springs to neaps 
by epicyclic gearing. 

The main bed material of the model was sand of mean diameter 
0.0071 inch or approximately 0.77 times that of the average sand 
in the bay and the approach channels, and a satisfactory material 
was obtained for use in the model in a fino silicious sand. 

Numerous samples of sea water obtained from points jn the 
estuary and bay and investigated for the rate of coagulation and 
settlement of Mersey mud (as used in the model) and of the 
corresponding rates in alum solution, indicated that the correct 
rate of settlement in the model was attained with an alum con- 
centration of 0.01% by weight. Suitable arrangements were 
provided so that further solution could be supplied at the seaward 
end of the model to compensate for the influx of river water at 
the Dee and Mersey and for efflux over the spillway in the tide 
box. 
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The River Mersey and the 


Provision was made for introducing upland waters correspond- 
ing to the up-river flow of the Mersey and Dee. 

Silt was supplied in suspension in the river feed water 
corresponding to a mean value of about 1 : 11400 by weight, which 
was actually observed in the river. 

The tidal mechanism gave a tidal range normally varying from 
31-ieet at springs to 15-feet at neaps and experiments were made, 
the stroke and shape of the plunger being modified until a very 
close agreement was obtained between the natural tide curves and 
those of the model. 

Having obtained satisfactory tidal conditions on the model, it 
remained to adjust the current directions and velocities with those 
as observed in the bay and e:tuary. This was obtained after a 
considerable number of experiments by the introduction of baffle 
plates, both solid and perforated between the tide box and the 
model, when finally the velocities only differed with those in 
nature by not more than 0.2 knots. 

The effect of the prevailing winds was reproduced by means of 
a number of electric fans which, when in full operation, produced 
surface waves equal to 3-feet in height on the model, the pre- 
vailing direction of the wind being W. and W.S.W. 

Storm conditions could be produced by means of a rocker paddle 
operated by hand for model periods of two or three days. 

In order to check whether the model was capable of producing 








View of Gladstone Branch Dock No. 2, showing S.S. ‘‘ Mauretania 
C.P.P. Liners. In the background Gladstone Graving 
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Port of Liverpool —continued 


changes in its bed comparable with those known to have taken 
place in the estuary, as soon as satisfactory adjustment of the 
tides, velocities and currents had been attained, the bed was 
moulted to the contours existing in 1900 before the marked erosion 
of Taylor’s Bank and the extension of the Askew Spit, which 
took place during the following years. 

The model was then operated for a period equivalent to 4.25 
years, when the results showed a very marked erosion of Taylor’s 
Bank and a corresponding accretion of Askew Spit of the same 
general nature as had actually occurred in the estuary. 

It is interesting to note that the vertical exaggeration of scale 
in this model was much greater than was the case in the first 
experimental model constructed, and also that the tidal period 
was substantially less. 

In the space allowed for this communication, it is not possible 
to give full details of this important model, but fuller particulars 
and details are given in ‘‘ Scale Models in Hydraulic Engineer- 
ing ’’, ‘‘ Tidal Models’’ (a paper presented to The Institution of 
Civil Engineers, Manchester and District Association Session 
1933-1934), ‘‘ The James Forrest Lecture 1947’’ at the Institution 
of Civil Engineers, ‘‘ Model Experiments in Relation to Har- 
bours and Waterways ’’, all of which were written by J. Allen, 
D.Sc., M.I.C.E., Jackson Professor of Engineering in the 
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University of Aberdeen, formerly senior lecturer in Engineering in 
the Victoria University of Manchester. 

On the completion of the West Crosby training bank in 1929 it 
was decided that the East Crosby bank should be immediately 
commenced on an approved alignment, as shown on Plan “‘A”’, 
and the work was commenced in 1929 and completed in 1930. 

The object of this work was to diminish or eliminate any scour 
of the adjacent foreshore, increase the scour in the Crosby 
Channel and to train the ebb tide on the inner face of the Askew 
Spit. 

It now became necessary to decide upon the final and best 
alignment of the training banks in a seaward direction from the 
existing West Crosby bank and the Taylor’s Bank Revetment. 

In view of the importance of the subject, several schemes were 
considered, but there is only need or space available in this com- 
munication to briefly mention two main schemes which were 
considered, with the reasons as to why they were not adopted. 

One scheme proposed two training banks extending from the 
banks already constructed to the seaward edge of the Little Burbo 
Spit, the banks were to be spaced an average distance of some 
7,000-feet apart. A new dredged cut was to be formed to the 
southward of the present dredged cut at the bar. 

Model experiments showed that with this scheme and any 
reasonable modifications, little, if any, improvement in the 
channels was to be expected. 

Another scheme proposed to form a trained channel generally 
on the alignment of the navigable channel as it was in 1890, by 
means of dredging. This channel was to be bounded and trained 
by two banks some 5,000-feet apart varying from five to ten feet 
above datum. A new dredged cut was also to be formed, as in 
the previous scheme. 

The proposed new main channel would have been a great 
improvement on the existing channel, but the physical changes 
and engineering difficulties connected with the scheme would have 
been very great, 
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Port of Liverpool—continued 


The dredging of the new channel across the Askew Spit \ 
have been a colossal work. 

It was also considered as probable that during the long p-riod 
during which the works would be in progress, access to the port 
for shipping might be very seriously prejudiced and there would 
be grave danger of additional complications such as the birfur- 
cation of the main channel or the creation of an additional bend 
in the channel across the Askew Spit. 

After this scheme had been tested on the model for a period of 
ten model years, the difficulties and dangers connected with the 
scheme as briefly outlined above, were clearly demonstrated and 
it was decided that the scheme should not be proceeded with. 

The considerations which led to the adoption of the scheme as 
finally approved and now nearing completion (see Plan ‘‘ A’’) 
were as follows:— 

The position of the dredged cut and its direction of discharge 
has remained practically constant since 1890 and also the position 
of the Crosby Channel has varied only within small limits during 
the same period. 

All the marked changes in the course of the channel have 
occurred between these points. 

The initial dredging of the bar was followed by the erosion of 
the south face of Taylor’s Bank, with a consequent deflection of 
the channel. 

This movement continued until it was checked and stabilised by 
the construction of Taylor’s Bank revetment in 1909-1910 and was 
followed, as might probably be expected, by a reverse oscillation 
of the channel at the west end of the revetment, which eventually 
formed what is known as Taylor’s Spit. 

In 1915 the revetment had been extended on its present radius 
for a distance of some 6,000-feet in a seaward direction, and it is 
significant that after this extension the formation previously 
mentioned accelerated, so that possibly this extension was a con- 
tributing factor, as the amplitude of the oscillation must bear 
some relation to the alignment and length of the revetment. 
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View of North part of River Mersey abreast of Liverpool with Princes Dock in foreground, used by express steamers to Belfast and Dublin. 
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The River Mersey and the Port of Liverpool—continued 
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Further Proposals and Final Solution 

It was, therefore, decided that a determined effort should be 
made to eliminate the bend in the channel between the revetment 
and the bar. 

This proposal involved the removal of that part of Taylor’s Spit 
which projected into the channel, the removal of some 3,000-feet 
of the seaward end of Taylor’s revetment extension, so that the 
Spit would be subjected to the full action of the ebb tide. 

The effect of straightening the Queen’s Channel by dredging 
the Taylor’s Spit would be that the flood tide would eventually 
impinge on the channel face of the Askew Spit instead of on the 
back of the Spit, as formerly, and the ebb tide would seek a 
more direct course to the bar, due to the removal of the revet- 
ment extension. 

Thus the ebb and flood tidal scour, it was considered, would 
co-operate in maintaining this straightened channel, which would 
be regulated by suitably aligned training banks, 

The engineer-in-chief and his collaborators decided that this 
was the correct solution to the problem and a work which could 
be executed at an economic cost to give satisfactory results and 
meet navigational requirements. 

A scheme on these lines was tested on the model. The height 
of the banks was 5-feet above datum throughout, sloping down to 
2-feet above datum over a length of about one mile at the seaward 
end. During the first five model years of the test the west end 
of the revetment was removed and the remaining length of the 
revetment was lifted to a level of 5-feet above datum. The 
West Crosby training bank, together with the training banks on 
the north side of Queen’s Channel, were gradually extended to 
completion over a period of five model years. The test on the 
finished walls was then continued for a period of 25 model years 
and a programme of extensive dredging carried out on Taylor’s 
Spit, and soundings taken from time to time during the trial 
revealed the following effects on the conformation of the Channel: 

Following the extens‘on of the walls, the Askew Spit began to 
erode and a definite improvement took place in this vicinity. 
Erosion also took place at the seaward end of this Spit, and 
generally the state of the channel in this neighbourhood imovroved, 
with considerable material erosion from the ton of the Spit. 

As was expected. there was also erosion at the inner end of the 
Queen’s Channel, Taylor’s Spit and the Little Burbo Spit at the 
seaward end of the Queen’s Channel south wall. 


adapted for carrying lump limestone from North Wales and Anglesey Quarries. Capacity 
600 tons limestone. 


Many schemes and variations of training banks were tested on 
the model before the alignment as finally laid down and shown 
on Plan ‘‘A’’ were agreed. 

Two important questions arise in the design of training works as 
these: the most effective position of the walls and, perhaps still 
more important, the best height of the walls. 

Current velocities were taken with various heights of training 
walls in the schemes under consideration, which indicated that 
generally when the levels of the walls were raised the flood 
velocities were increased proportionally more than the ebb 
velocities. Further, with walls higher than necessary, the 
velocities become such that they would be a danger to navigation, 

The walls were, therefore, constructed to a height of 5-feet above 
datum and slope down to a height of 2-feet above datum in a 
length of one mile at the seaward end, at this height they seem to 
give the necessary guidance to the current along the channel, 
where the water is shallow and the bed movement at a maximum, 
and also protection against the ingress of sand and cross currents, 

The model was operated at Manchester University on the 
various schemes for 178,816 tides from 1930-1932, when, as the 
space was required for other model work, it was transferred to 
and operated at Liverpool, where the investigations were con- 
tinued, especially relating to the seaward end of the channels; 
here thirteen experiments were run and the model operated for 
217,430 tides. 

The problem having been considered and the final works and 
proposals tested by the model, which test indicated that the works 
would have the desired results, the Mersey Docks and Harbour 
30ard obtained the approval of the Mersey Conservancy and other 
Authorities interested, and authorised the works to proceed. 


Construction Work 


There are ample supplies of lump limestone suitable for the 
construction of the banks available at quarries on the North 
Wales Coast and the Island of Anglesey, situated 25/40 miles 
from Liverpool Bay. 

This stone is loaded at jetties or piers into self-propelled hopper 
barges, which carry 600-tons, and the stone is dumped on the 
line of the bank, as defined by buoys, at high water, without 
difficulty and economically. Up to the year 1939 there were ten 
hoppers engaged upon this work. 
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In works of this nature the sequence and rate of progress is of 
great importance. 

The work commenced at the north end of the West Crosby 
Bank, Point ‘‘E”’ (see Plan ‘‘A’’), in 1932 and had reached 
Point ‘‘E, ’’ in 1933; at the same time, the seaward end of the 
Taylor’s Bank revetment was removed by bucket ladder dredger 
to Point “B’”’. 

The bank across Askew Spit from Point ‘‘E,’” to Point “‘ F ”’ 
and the bank on the north side of the Queen’s Channel from 
Point ‘‘B” to Point ‘‘C’’ were both constructed during the 
years 1933 to 1935. 

While new construction work js proceeding, a certain amount 
of topping up work has to be done on the existing banks to 
maintain the desired height, as there is a certain amount of settle- 
ment after the initial deposit of the stone. 

During the years 1935-1937 the intensive dredging of Taylor’s 
Spit, previously mentioned as being a necessary part of the 
scheme, was undertaken and the projection into the channel was 
reduced by some 1,500-feet over a length of about 9,000-feet, so 
that the desired depth of water was obtained a distance of 1,500- 
feet from the line of the north bank, 

This work involved the removal of 31,151,000 tons of sand, 
which was chiefly dealt with by the 10,000-ton sand pump 
dredger, ‘‘ Leviathan,’’ without difficulty. 

From Point ‘‘C’’ on the north bank and ‘‘ F’’ on the south 
bank, the work proceeded from 1935 to 1939, the construction 
of the south bank being kept somewhat in advance of the north 
bank. 

In September, 1939, due to the outbreak of war, the work had 
to be closed down. This was particularly unfortunate, as with 
works of this nature any interruption may mean that the benefit 
of some of the work already completed, such as dredging and 
scouring action, may be lost due to non-completion of the whole 
scheme. 

It can, however, be considered fortunate that the banks had 
reached so far as they had, i.e., the north bank some 1,500 yards 
and the south bank some 3,000 yards beyond Points ‘‘C’’ and 
‘“F’’ respectively, and especially that they were some distance 
past the bend in the neighbourhood of Askew Spit. 

The regularisation and training of the channel up to the ter- 
mination of the banks in 1939 indicated that in spite of the work 
not being completec, the movements of the channels which had 
taken place up to, say, 1930, would be checked—this proved to 
be the case. 

During the years of the war it was only possible to do a very 
small amount of dredging, but in spite of this the channels behaved 
reasonably well and were able to accommodate the vast amount 
of shipping entering and leaving the port without difficulty. 

On the termination of host'lities the soundings of 1945 were 
compared with those of 1939, when it was found that Crosby 
Channel, at the seaward end at its junction with the Queen’s 
Channel, was lengthening along the line of revetment and Queen’s 
Training Bank, by cutting into the east end of Askew Spit. There 
is also erosion from the top of the Spit. These movements are, 
as expected, a result of the training works, and as indicated by 
the model exveriments. 

There is a flattening of the east to west slopes of the east end 
of Tavlor’s Spit. which seem to indicate that the bank is eroding 
over this area, due to the action of the training banks as so far 
constructed, 

At the west end of the Spit, where the effect of the training 
banks is considerably less, deposit has taken place. 

The changes and movements on Taylor’s Spit and the erosion 
of Little Burbo Spit on the opposite bank further west were both 
in such a direction as to bring the axis of the channel more into 
the line with that anticipated, and it could be concluded that they 
were results of that part of the scheme already carried out, but, 
as might be expected, the suspension of the scheme during the 
six years 1939-1945 had the effect of unbalancing the movements 
anticipated, so that the erosion of Taylor’s Spit was the greater 
as it was nearer the training banks so far constructed. 

The dredging fleet was concentrated in 1945 chiefly on the 
Taylor’s Spit, with the object of correcting, to the line resulting 
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from the intensive dredging which was carried out 1935-1937, ‘he 
forward movement which had taken place in this vicinity. 1: is 
interesting to note that the line is now practically back to the 1937 
line, with the removal of about 11,000,000 tons of sand, as ci :a- 
pared to 31,000,000 tons in 1935-1937. It is considered that tis 
reduction is due to the effect of the training banks so far con- 
structed. 

The stone carrying fleet was placed in commission after tie 
war, although, due to losses, there are now only six ves: 
available—these are proceeding with the extension of the train: 
banks to completion. 

There is every reason to think that the training banks will 
achieve the desired object of the design, in regulari-ing the 
channels and reducing the amount of dredging, necessary {to 
their maintenance, and that the ultimate result will be as indicated 
by the model experiments. 

It is difficult to see that any calculations based on known 
hydraulic formule could have been applied to the problem, and 
although the use of scale hydraulic models have perhaps limit: 
tions, the evidence in this particular case indicates that if 
correctly constructed, proved by comparison with observed con- 
ditions as actually occurring in nature, so far as possible, and 
operated with understanding, a model is capable of giving results 
of great value. 

I should wish to acknowledge the great help given in the 
preparation of this communication by T. L. Norfolk, M.I.C.E., 
formerly Engineer-in-Chief, Mersey Docks and Harbour Board, 
who did much valuable work in connection with the schemes and 
the inception of the works as finally approved. 








Use of Shore-Based Radar for Harbour 
Control in the U.S.A. 


(The following is taken from a paper presented belore the 

Annual Meeting of the Institute of Navigation at Annapolis, 

Maryland, U.S.A., by Capt. D. E. McKay, Chief of the 
Communications Division, U.S. Coast Guard). 


+ ¢ 


The subject of this paper is the use of shore-based radar tor 
harbour control, and it is limited to the operational aspects. No 
attempt is made to go into the technical problems involved. 

Early in 1946 the U.S. Coast Guard set up an experimental 
shore-radar installation at Cape Henlopen, Delaware, and carried 
out tests over a period of several weeks in the tracking of vessels 
and in checking the accuracy of the radar information. The 
conclusions, based on these limited tests, indicated that control of 
shipping at harbour entrances and in channels was feasible with 
shore-based radar supplemented by an efficient communication 
system. 

In December, 1947, the Board of Harbour Commissioners, Long 
Beach, California, applied to the Federal Communications Com- 
mission for authority to operate a shore-based radar installation 
and necessary radio communication facilities. It was pointed out 
in their application that such an_ installation would provide 
instantaneous information regarding the relative positions of ships, 
breakwaters, buoys, etc., in the harbour area, as well as detect 
the presence of ships at sea two or three hours prior to their 
arrival at the entrance to the outer harbour; their main desire was 
to maintain traffic in the harbour even during periods of very poor 
visibility. 

It was proposed to carry out a programme of experiments as 
follows:— 


(a) Radar observation of ships in San Pedro Bay and vicinity 
out to a distance of 10 miles or more beyond the Federal 
breakwater. 

(b) Information by radio telephone from the radar -tation 
to pilot ships to assist them in reaching particular ships 
as far out as 5 miles beyond the Federal breakwater. 
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c) Information by radio telephone from the radar station 
to pilots who have boarded ships, to assist them in 
piloting thiough the opening in the breakwater, and from 
there to any desired anchorage or docking area within 
the harbour. 

(d) Information by radio telephone from the radar station 
to the pilot ships to assist them in returning to their propet 
stations. 

\s a result of this application, and at the request of the Federal 
Communications Commission, the Radio Technical Commission 
for Marine Services (R.T.C.M.)—-a Goverament-Industry Com- 
mittee—undertook a study of the subject to co-ordinate the views 
of the government and the industry. 

During the early phases of their inve-tigations, certain basic 
facts were evident. First, that it was not feasible to contro] har- 
bour traffic in the navigational sense. The port cuthorities, by 
means of radar, may offer advisory information, but at no time 
docs this relieve the master of his responsibility for the safe 
navigation of his ship. It is recognised that, in the event of a 
serious obstruction constituting a danger to shipping, the authori- 
ties may limit or prohibit all traffic through the danger area, but 
the term ‘‘ harbour contro]’’ is used only in the sense of 
operative control or advisory service, as distinct from navigational 
control, which remains at all times with the master. 

Che second important consideration is the communication system 
between a vessel and the harbour contro] station which must be 
in part by radio. This nay be by means of regular commercial 
harbeur radio telephone, private communication facilities furnish- 
ing service under contract, or a radio communication system oper- 
ated by the same agency which operates the radar station. No 
positive control could be exercised unless the controlling authority 
had instantaneous communication with all vessels within the har- 
bour area, and similarly an advisory service would be available 
only to those vessels equipped to communicate directly with tae 
harbour control station. 

Present radio frequency allocation plans do not provide for the 
extensive communciation network required in conjunction with the 
use of a harbour radar station for positive control of all harbour 
traffic. However, at the International Radio Conference (May to 
October, 1947) under the auspices of the International Telecom- 
munications Union, the need for radio telephony for harbour con- 
trol purposes was recognised and 156.8 M/cs. was designated for 
world wide use for safety, calling, and intership and harbour con- 
trol communication in the maritime mobile service. 

In connection with the proposed Long Beach installation, the 
use of small portable radio equipments carried by pilots when 
boarding a vessel is contemplated, so that the pilot and control 
station will be in direct communication. Those vessels whose 
masters are qualified pilots and therefore do not pick up a pilot 
and portable radio at the harbour entrance would need to have on 
board radio equipment operating on the same frequency as the 
radar station. 

Another matter to be considered is the identification of vessels 
picked up on the radar screen. This will depend mainly on an 
efficient communication system and is of less importance for an 
advisory service than for a controlling system. As in the case 
of the shore-based radar installation at Liverpool* this should 
present no undue difficulty, as it is possible to distinguish between 
outgoing and incoming vessels by the ‘‘ wake ’’ resulting from the 
afterglow of the cathode ray tube, and once a ship has identified 
herself by giving her position as she passes a fixed point there 
should be no subsequent doubt of her identity. 

The RTCM committee concluded that the use of shore-based 
radar by port authorities should be limited to an advisory service 
at least for the present. The information available through this 
service world be in addition to the norma] aids to navigation such 
as shore lights, buoys, fog signals, and radio beacons. The infor- 
mation would be used bv vilots and masters to contribute to the 
safety of navigation nd to avoid, if possible, those delays caused 
by adverse weather conditions in the harbour area. 


*Described in the August, 1948, issue of The Dock and Harbour Authority 
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On March 16th, 1949, the Federal Communications Commission 
issued a construction permit to the City of Long beach, tor an 
experimental ¢ lass 2 shore-based radar station. The only unusual 
limitation imposed on the operation of this station was that inior 
mation furnished by it should not be used for the purpose of aiding 
in the movement of any ship unless a permit had first been obtained 
by the station authoritics from the Commandant oi the U.S, Coast 
Guard as required by law for a s»-cal.ed private aid to naviga.ion 

The Coast Guard upon app 1 by Long Beach granted them 
authority to operate a_ privat id to navigation under certain 
conditions, one of which wi iat information furnished by the 
holders of the permit should be advisory and its use not man 
datory. The master or pilot is not excused from any responsibility 
for the safety of his vessel or from full compliance with all pro 
visions of law and regulations prescribing rules of the nautical 
road and ship navigation, 

In order to ensure some uniformity in procedure and methods 
of operation of radar installations at various ports, it was felt 
that such a service should be under the co-ordinating superv-sion 
of the Coast Guard, It was suggested that this might be accom- 
plished by direct contact between the Coast Guard and the port 
authority concerned, with the Coast Guard acting in an advisory 
capacity, or by an indirect approach through an organisation such 
as the American Association of Port Authorities. Supervision by 
the Coast Guard would also ensure co-ordination of the service 
with any military requirements, and thus makc it readily adaptable 
for use if required in a national emergency, 

It is understood that the Long Beach radar installation has been 
operating very satisfactorily since March, and it is understood 
that other ports of the United States are also considering the 
installation of radar for harbour control purposes. 








Radio Control for Dredgers 


Innovation by Ribble Navigation 


The use of V.H.F. radio to control a fleet of dredgers is a 
new application for this versatile communication system, and the 
Ribble Navigation Department of the County Borough of Preston 
has found that the ability to make a telephone call to its dredgers 
is a valuable aid in keeping navigable the channel leading to the 
dock. 

Normally every year about 1,000,000 cubic yards of sand and 
silt have to be dredged from the trained channel to maintain the 
necessary depth of water for navigation, and this was done by 
three sand pump dredgers. With the deepening of the river 
which is now in progress, seven sand pumps are operating and 
are capable of working to a depth of 46 feet below the water level 
and removing annually about 2,500,000 cubic yards. 

The sand pump dredgers leave the Preston Dock each Monday 
ind work in the river and estuary until the following Friday or 
Saturday. During this period the crew live on board. It is 
therefore important, from the point of view of giving working 
in-tructions, that there should be close contact between the masters 
of the vessels and the dredging superintendent, who is responsible 
to the harbour engineer for the maintenance of the navigable 
channel. 

Normal marine radio working would have been possible, but 
owing to the various international rules, it was felt that some 
thing simpler should be installed 

Mr. A. H. Howarth, M.Inst.C.E., the engineer and general 
superintendent of the Ribble Navigation, approached The General 
Electric Company, Limited, and together with the Company’s 
radio engineers planned the scheme that is now in operation. 

Single-unit transmitter/receivers are used and the shore-station 
aerial is mounted on a tall chimney at the south-side power house 
of the dock. Two-way communication can easily be maintained 
over an 18-20 mile radius, The dredgers can only communicate 


with the shore station, and not with each other, but the shore 
station can speak to all boats at once. 
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International Cargo Inspection Service 


A Proven Method of Reducing Loss and Damage to 
Cargoes in ‘Transit 


By Stanley Parkes 


An informative article on the above subject was published in 
““ The Shipping World ’’ for the issue of 11th January, 1950, and 
as the matter is of world-wide importance and vitally concerns all 
shippers and exporters, we are reproducing it in full, with due 
acknowledgment. 

Damage, ther and pilferage of goods in transit affects the 
goodwill and lessens the effectivness of the production programme 
of almost every manufacturer who sends goods by sea, road, rail 
or air. The sate transport of goods to final destination must be the 
concern of every exporter. 

The findings of the co-ordinating committee set up by the 
London Chamber of Commerce to investigate the hazards of trans- 
portation of goods, reveal, in their booklet ‘‘ Pilferage,’’ a serious 
situation, the only remedy for which is adequate and careful 
attention to the packaging of goods. The “‘ British Standards 
Packaging Code,’’ compiled by experts having access to al! rele- 


vant information, specifies minimum packing requirements for 
safe transport of goods and this excellent guide is available 
to any manufacturer who wishes to take advantage of its 


recommendations. 


Losses Reduced by 75 per cent 

During the war one of the leading firms in the tensional steci 
strapping industry took part in an experiment, having as its object 
the reducution by some means or other ot the appalling losses 
of goods by damage, pilferage or theft which were being 
encountered in shipments under the “‘ lease-lend’’ scheme. At 
the invitation of tne Anglo-American Packing Committee, the 
tensional steel strapping industry provided trained inspectors at 
each port to examine the cargoes on arrival; to report upon 
damage and supply photograpns if necessary; to submit their 
opinion as to the cause of damage and indicate what measures 
should be taken to avoid its recurrence. Within six months of the 
inauguaration of this scheme losses were reduced by over 75 per 
cent simply by putting into effect the recommendations of the 
inspectors. Needless to say the scheme was continued throughout 
the remainder of “‘ lease-lend ’’ shipments. 

During a period of national emergency, when production of 
essential goods and services is strained to the limit and scientists 
and inventors are keyed to a high pitch of intensive effort, 
experience so gained can be directly and profitably applied to 
peacetime activities; and the appalling conditions of shipments 
disclosed by the “‘ lease-lend ’’ inspections so impressed one of 
the firms of tensional steel strapping specialists, previously 
mentioned, that they decided that such a scheme should be made 
available in peacetime to exporters all over the world. It remains 
to be seen whether manufacturers will be wise enough to take 
advantage of this scheme, but a start has been made by providing 
preliminary facilities in South Africa, Denmark, Australia, New 
Zealand, Ceylon and Eire and similar arrangements are being 
negotiated in other parts of the world. 


How the Scheme Works 

The scheme works briefly like this. The manufacturer informs 
the ‘‘ Inspection Service ’’ by letter, telephone or telegram that 
a shipment of goods is leaving the country in a certain ship, and 
on receipt of tais information, instructions will be transm:tted to 
the overseas inspectors to inspect the shipment on arrival at the 
overseas docks and also, if desired, at the final destination. A 
report vi! be compiled sta'ing the condition of the goods on 
arrival; particulars of the damage, if any, together with photo- 
graphs if desired; the cause of any damage; and recommendations 
as to the method of packing which would obviate a similar 
recurrence. 

The inspectors are fully trained packaging engineers, experts 
in all matters concerning outer containers. They are not con- 
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cerned with design, but with tne suitability of the pack sing 
material used tor tne purpose of ensuring that goods arrive at neir 
final destination intact and in good saleable condition. ere 
are many hazards to be considered apart from pilferage, su: as 
bad weather at sea, poor stowage and overloading, inexperic iced 
labour, inadequate or unsuitabie macninery or port facilitic. for 
loading or unloading, lack of quayside warehouse or under: »ver 
accommodation, and poor organisation or supervision of labour, 
and some or all of these hazards may be encountered at any 
stage. 

iu an excellent paper read to the Institute of Transport, Mr. C, 
Hamilton Minett* gave an outline of a cargo-watcning sch me 
which is operated in Great Britain and said ©’ if anyone supp ses 
that tais work can be done by nice, superannuated old gentieiien, 
tney would be well advised to save their money; such persons 
are considered to be quite unequal to tne task and merely an 
additional liability.’’ It is absolutely essential to obtain the services 
ot expert packaging specialists trained in all aspects of this field 
ot the final stage of production. Too many manufacturers con- 
sider their job is finished when the goods have been produced, 
forgetting or ignoring the no less important final stage of the 
provision of outer containers, for if tne goods produced fail to 
arrive in the hands of the consumer intact and undamaged, the 
producers has wasted the time, laoour and wealth which has gone 
into the making. 


A Woridwide Experiment 

[hose exporters and manufacturers who are a little dubious as 
to the efficacy of any scheme until they have obtained further 
evidence as the possibilities of good results accruing, may be 
interested in a worldwide experiment now being carried out. In 
‘* The Shipping World ”’ ot August 10 last particulars were re- 
ported of an experiment in the supervision of loading and discharge 
of cargo instituted by the American Maritime Exchange of New 
York, on which shipowners, shippers and underwriters are 
represented. The experiment is being conducted on 20 major 
ocean voyages and representatives at the ports of loading and 
discharge will report on any packing, handling or stowege of 
cargo which may lead to discharge in bad condition; and damage 
revealed on discharge of cargo will be fully reported, together with 
an explanation of the possible cause. The Liverpool and Glasgow 
Salvage Association is supervising the discharge of cargoes under 
this experiment in Britain and the American Board of Underwriters 
say that they ‘‘ hope that the examp]Je set by this experiment 
may be followed in other markets, and if this were done, the 
machinery exists by which results could be collected and collated 
on a worldwide basis. The fact that such authoritative and well- 
known bodies consider such an experiment worth while should 
convince exporters that this is something they cannot afford to 
pass over at a time when overseas buyers are becoming daily more 
critical of price and quality. 

There is no doubt that inestimable benefit will accrue to those 
exporters having reports directly made to them from ports of 
discharge, a great deal of goodwill will be saved by minimising 
pilferage and damage and the importance of the goods transported 
will be enhanced by carrying out the recommendations of the 
inspectors to ensure that outer containers and packaging remains 
intact until delivery to final destination. As the firm of packaging 
specialists concerned are mainly interested in focusing attention 
on this vital aspect of overseas trade and do not necessarily desire 
to profit themselves from such inspections, they are quite unbiased 
and are prepared to carry out test inspections for only a nominal 
charge upon request. 








Proposed Bridge for Auckland Harbours. 

According to a recent New Zealand Government announcement, 
a representative conference of local Auckland interests has reacted 
favourably to the Prime Minister’s proposal to the Mayor of Auck- 
land that the Government and town of Auckland should marsha! 
their joint resources for the speedy construction of a harbour 


bridge. The Government would stand guarantor and provide other 
assistance. A great deal of work is necessary before construction 


can begin, but it is suggested that this could be put in hand while 
financial questions are being considered. 





* ** Some Aspects of Pilfering in Shipworking,’’ Decemeber, 1948. 
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The Coast Protection Act 


Excerpts from Address to the Society of Engineers 


Mr. C. L. Boucher, F.S.E., M.I.C.E., M.1I.Struct.E., in his 
Presidential Address to the Society of Engineers on February 
6th last, dealt with the subject of the ever-changing coastline of 
Great Britain. 

In the course of his remarks, after mentioning that the physical 
conditions which prevail along any coastline are of vital impor- 
tance, since along that coastline are situated the country’s ports 
and narbours, the speaker dealt briefly with the forces that operate 
in bringing about the two principal changes along our coast, viz: 
erosion and accretion. Some results that follow erosion and accre- 
tion were examined, and Mr. Boucher went on to say that hitherto 
losses arising from the former, and the dire results that sometimes 
follow the latter had never been regarded from a national aspect. 
The new Coast Protection Act, however, brought in a new 
concept of the problem, and some of its provisions were discussed. 
The speaker thought the coming of this Act was long overdue and 
while noting the advances made along the road of national recog- 
nition of the seriousness of the problem, mentioned some points 
which in his opinion might also have been dealt with. 

Summarising the erosion and accretion factors he said that 
erosion was chiefly due to wave action influenced by wind, that 
its amount depended largely on the nature of the geological for- 
mation exposed to attack, that the littoral drift of the eroded 
material was affected by the angle of impingement of the waves, 
and the direction of the tidal wave, that where littoral drift was 
negligible, the eroded material acted as a protection against further 
erosion, and that the drift of eroded material proceeded until 
checked by some naturai or artificial barrier, where it tended to 
pile up and form accretion. 

On balance, the area lost by erosion was less than that gained 
by accretion, but whereas the nature and extent of the area lost 
was obvious, the areas of accretion were not always clearly de- 
fined, nor did they usually occur at places where they were desir- 
able. 

Before World War I, the attitude of Government Departments 
and of the local Authorities concerned was that while losses from 
erosion, and from accretion in undesirable places, were alike de- 
plorable, the cost of the remedy did not justify a cure unless 
special circumstances were involved, nor could Treasury funds 
be made available for the purpose. Agriculture was at a low ebb, 
and thousands of acres of excellent wheat land were going out of 
cultivation simply because it did not pay to work them, so why 
spend money to provide more land or to save what there was. 
If the property of private owners was threatened, then the private 
owners could protect it at their own expense, if they so wished. 
Generally speaking, only when property in public ownership, e.g., 
a main road was threatened with destruction, was finance avail- 
able for remedial measures. Nationalisation, with the great in- 
crease in state-owned property such as railways, docks, harbours, 
etc., was not an immediate prospect. 

Not all men have always agreed with this principal, and legal 
arguments were advanced before the Royal Commission on Coast 
Erosion which sat in the early years of this century, that the pro- 
per maintenance of the coast, and coast defence works, where 
necessary, was a definite legal obligation of the Crown. 

In the past, coast defence works and to some extent reclama- 
tion work, had often been carried out by the owners themselves, 
but landowners today had little capital left for such works, and 
what ‘vas required was an initiating authority charged with 
responsibility for the general welfare of the whole coastline of 
Great Britain, able to assess the relative importance of problems 
that arise along it, and empowered to give effect to its decisions. 

There would, of course, still be need for consultation with local 
authorities and private owners to enable programmes to be framed 
and carried out, with regard to national rather than to purely 
locals interests. 

The new Coast Protection Act which received the Royal Assent 
last year achieved much progress along these lines, but he sug- 
gested that establishment of a central initiating authority and co- 
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ordination of effort among those delegated to carry out schemes 
were still not carried far enough. 

The Act was however, an important milestone along the road 
ot coast protection and development, consolidating principles that 
some Engineers had advanced for years. 

‘It is too long to consider in detail here,’’ Mr. Boucher con- 
tinued, ‘‘ but among its chief provisions are: the Act sets up 
Coast Protection Authorities charged with responsibility for the 
construction of new works and the maintenance of existing ones. 
These authorities are the County Councils and County Boroughs 
possessing coast-lines but the Minister may, if he deems it ex- 
pedient to do so, make an order creating a Coast Protection Board 
which shall be the Coast Protection Authority tor the area con- 
cerned.”’ 

‘‘ The approval of the Minister, i.e., the Minister of Health, 
is required tor any coast protection works to be carried out. All 
such works must be publicised, and if objections are raised, an 
Enquiry is to be held. Coast Protection Authorities or Boards 
have the right to requisition land, to require an owner to con- 
struct or repair defence works on his land, and to recover the cost 
of the same wholly or in part from the owner.”’ 

‘‘ Private persons must obtain the consent of the Coast Protec- 
tion Authority before carrying out any defence work on their own 
land, and compensation is payable under certain conditions when 
the construction of works causes depreciation or disturbance to 
any person’s land.’’ 

Where the Exchequer drafts part of the cost of any work, 
contributions must be made to the County Council or County 
Councils concerned, but such contributions must not exceed the 
product of a penny rate in any year. It is thought that the 
amount of Exchequer contributions will not exceed from one- 
half to one million pounds in any year.”’ 

‘* An interesting procedure is laid down where it appears to the 
Authority that the proposed works can only be carried out by the 
exercise of compulsory powers, or that persons interested in the 
land benefited by the carrying out of the work, ought to pay cer- 
tain charges, in which case the Authority may proceed by means 
of a Works Scheme which shall indicate the nature of the pro- 
posed work, to be carried out on land acquired or proposed to be 
acquired, specify the work, if any, to be carried out on other land 
and state the estimated cost of the work. It may also indicate 
land, referred to as contributory land, in respect of which coast 
protection charges will become payable, on the assumption that 
the value of the land will appreciate as a result of the carrying 
out of the work.”’ 

‘‘ It is also laid down generally that any coast protection charge 
payable, shall not exceed the amount by which the value of that 
interest would then be if the works had not been undertaken.’’ 

‘‘ The paragraph dealing with the operation of Works Schemes 
contains many clauses and sub-clauses, and is by no means easy 
to follow. Possibly with this in mind, machinery is set up in the 
penultimate paragraph for the settlement of disputes by Arbitra- 


tion. 
3efore leaving the study of this Act which contains much that 


is entirely new as regards the Government’s attitude towards 
coast protection, it should be noted that while the widest powers 
of compulsory acquisition are taken, those powers do not become 
inherent in the Coast Protection Authority invoking them, but 
may be authorised by the Minister.’’ 

Mr. Boucher concluded with some suggestions regarding the 
future and advocated the establishment of a Twenty-five Year 
Plan, under which, and under the aegis of a central authority, 
steps should be taken to conserve those parts of our coast which 
were annually being lost to the sea, and to recover, gradually but 
continuously, from the sea certain areas that it had already de- 
spoiled from the land. 








New Chairman for Manchester Ship Canal. 

At the annual meeting of the Manchester Shin Canal Company, 
held towards the end of last month, Sir Frederick ]. West an- 
nounced his intention to retire from the chairmanship on March 
31. He will be succeeded by Mr. Leslie Roberts, managing direc- 
tor, who will combine the duties of chairman and managing 


director 
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Port Terminal Design and Operation 





By H. D. STEVENSON.* 





In the design and layout of a pier or terminal, the property 
available, depth of water and pier headline restrictions, as well as 
the total cost, are most important. Te ideas which are suggested 
in this paper would have to be fitted into whatever site and cost 
limitations that exist. 

In the first place, and most important in pier layout, is the type 
of average cargo that will move over the pier. A careful study 
should first be made to determine the probable type of the pre- 
ponderance of the expected cargo. This siudy should develop the 
probable percentages of the cargo that will move to and from the 
pier by truck, by rail and by lighter. For example, an entirely 
different layout is required for a pier or terminal in the Port of 
New York, where the bulk of the cargo is delivered to or removed 
from the pier by lighter or truck, than is desirable in the Port of 
Norfolk, where the bulk of the cargo moves by rail, either in 
box or open top cars. 

At locations where most of the cargo is transported by rail, an 
excellent layout is obtained by a covered pier of approximately 
237 feet wide for the full length of the pier. This will allow 37 
feet down the centre of the pier for three depressed tracks with 
proper clearances and 100 feet of transit shed space on each side 
of the pier inside the building. The three tracks should be de- 
pressed sufficiently so that the average car floor height is as near 
level as possible with the adjacent surface of the pier floor. This 
will perm:t placing three cars abreast at each point and unload- 
ing the cars with tractors and trailers or push-off fork lift trucks 
through the other car doors, so that any or all of the three cars 
can be discharged to either side of the p‘er. 

The depressed portion of the track should end about forty to 
eighty feet from the outer end of the pier, in order to provide a 
cross-over section of floor to run mobile equipment from one side 
of the pier to the other side. This will also provide covered 
working space ‘and cargo space if it is desired to work the hatches 
of a ship berthed across the end of the pier. 

If considerable cargo is expected to ke transported in open top 
freight cars, two marginal tracks are desirable outside the build- 
ing on one side or on both sides of the pier. The width of each 
of these uncovered stringpieces on each side of the pier should 
be about 30 feet 6 inches, to give proper clearances. The outside 
track should be as close to the outer str'ngpiece or, in other words, 
to a ship berthed there, as is possible with proper clearances. 

Many ships have short booms or booms that have been 
shortened as they become older, and the two marginal tracks 
should be as close to the side of the ship as possible, in order 
that the ship’s booms will reach the centre of cars on the inside 
track. 

Two marginal tracks are desirable so that the ship gangs will 
be able to keep on working in cars on one track or the other, 
while cars are being shifted. 

If mobile gantry cranes are desired on one or both sides of the 
pier, the width of the avron in question will probably have to be 
increased to at least 36 feet 6 inches to provide sufficient clearances 
for cars, gantry legs and a narrow ship ladder for boarding the 
shin. 

If it is desired to work a ship berthed across the end of the 
pier, an apron outside the building across the end of the pier 
should be provided, of at least from twenty to thirty feet in width. 

An overhead steel structure or guved cargo masts at proper 
intervals should be provided at the sides of the pier building, to 
which snatch blocks can be fastened. The point where these 
snatch blocks are to be fastened should be about fifty feet above 
the floor of the dock. By running a house fall or burton wire 
through this snatch block to the ship’s winches and by marrying 
it to the up and down fall, heavy cargo can be landed with the 
ship’s gear, directly from the hold of the ship, or vice versa, in 
open top cars on either of the two marginal tracks. 

*Paper presented at a Panel Discussion on International Ports, at the 


Anru1l Convention of the American Association of Port Authorities held 
at Milwaukee, Wisconsin, October, 1949, Reproduced by kind permission. 
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The length of the pier is, of course, limited. to the site or allo 
able pier head line. The trend of ocean-going cargo ships | 
several’ years has veen toward longer ships. A liberty ship is 
approximately 418 feet long, a Victoiy ship 437 feet long, and 
C4 about 497 feet long. If much cargo is expected to be lighter 
the planned length of the pier should consider lighter berths f 
and aft ot each ship’s berth, because, for various reasons, 
lightered cargo often cannot be worked directly from lighter +o 
ship. 

The hundred foot width of the side of each pier from tx 
depressed tracks to the outside of the building is worthy of study, 
It must be remembered that this width should be kept as sm«ll 
as possible, but still be wide enough to hold the cargo for tie 
average ship that is berthed, without going more than about 100 
feet beyond each end of the ship. The use of lift trucks and 
tiering of palletized cargo may increase the capacity of each ship’s 
berth sufficiently to hold this figure to the indicated 100 feet. On 
the other hand, it must be remembered that any increase in this 
width means that every ton of freight unloaded or loaded on cars 
on the depressed tracks will have to be moved that extra distance. 

ln ports where the bulk of the cargo is transported by trucks 
or lighters, such as New York, the pier shed walls should come 
right out to the stringpiece or edge of the pier, as no marginal 
tracks are desirable and are a great handicap in moving cargo to 
the side of the ship. The walls can be designed to lean into the 
building to allow additional clearance of drafts going into the 
ship. In this case, floating camels of sufficient width should be 
used to keep the ship breasted off from the dock, to give suf- 
ficient clearance for drafts going in and out of the ship. Also 
tracks on the pier should not be depres:ed if lift trucks are used 
for car loading and discharging. If the pier is not too wide, a 
good operation is to berth lighters across the dock from the ship 
and to move the cargo from lighters directly across the dock to 
the side of the ship. Also trucks should be able to move prac- 
tically anywhere on the pier. It will be a definite advantage if 
trucks can be routed in and out of the piers by separate doors, 
if possible, so that other operations will not be delayed by trucks 
turning round, etc., and causing congestion that will delay the 
travel of cargo to and from ship’s side. 

Probably the best layout for a pier that is served mostly by 
trucks is to provide a so-called ‘‘ headhouse,’’ where the trucks 
can back up to loading platforms facing the street. Cargo is then 
loaded on pallets and transported by ft truck or dock cranes 
to place of rest on pier or to ship’s side. 

This eliminates trucks going down the pier and interrupting 
the flow of cargo to ship’s side. 

A two-storey pier for general cargo purposes is at great dis- 
advantage, unless provided with truck ramps, so that trucks can 
go to the second storey level and come down by a separate ramp. 
Elevators are usually too slow and increase labour costs too much 
when used with trailer or lift truck loads. 


General Recommendations for Good Layout 


The following general ideas are recommended for good layout: 

All walls of transit sheds facing cargo ships’ berths should be 
made up of columns and doors—each door immediately adjacent 
to the next door. Transit sheds should be provided with doors 
at least eighteen feet high to accommodate lift truck and dock 
crane operation. 

All floors should be sloped enough to be well drained, but not 
sloped too much so that cargo piled possibly four or five pallets 
high does not lean too much. 

The drainage slope should be as uniform as possible and in 
the same direction as much as is possible. 

Considerable study should be made to provide floor surfaces 
that will condense the least moisture possible with sudden drops 
of air temperature. 

The floor topping should be of material that will provide the 
least slippery surface when wet or damp. 

The surface of all floors and rail tracks should be smooth and 
kept as smooth as possible. 

The bottom chord of rood trusses in transit sheds should be 
high enough to provide at least 20 feet of headroom. 

Automatically or electrically controlled door raisers or openers 
do not seem to be very satisfactory. In most cases, a good manual 
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Port Terminal Design and Operation—continued 


control for opening doors is the best, These controls should be 
designed extra strong and rugged, to make them “‘ longshoreman- 
proof’’. There is usually plenty of time for the deck man to 
raice and lower transit shed doors while the ship part of the 
longshore gang is doing other necessary work at the start or end 
of the operation. 

Door lintels should be provided with a strong, round, steel pipe 
protection against rubbing as drafts are hoisted from the dock. 

Columns on docks should be as few as possible. In no case 
should they be much less than twenty feet on centre if you expect 
to have a lift truck, dock crane and auto-truck operation. 

(he allowable floor load of all piers should be at least 500 Ibs. 
per square foot and, if possible, 750 Ibs. or more. Second storey 
floors should have an allowable load of at least 300 Ibs. per square 
foot. 

The designed floor lead should be painted on the inside of all 
transit sheds, 

Combined Pier and Warehouse 

\n interesting design of a combination pier and multip'e 
storage warehouse is one where the first floor is used as a transit 
shed, with ships’ berths provided on each side and across the 
outer end. Three depressed tracks are provided down the centre 
of the pier to about fifty feet from the end. An open air shaft is 
left above the three depressed tracks with the multiple storey 
warehouse floors being placed above each side of the pier. At 
each floor above the depressed tracks, a balcony is provided for 
landing drafts from the cars below. These balconies on each floor 
are staggered, so that an overhead travelling crane can pick up 
loads from any open top car on-the depressed tracks and land it 
at any floor on that floor’s balcony. The span of the overhead 
conveyor is provided so.that cargo from box cars can be unloaded 
and lifted by the overhead conveyor to the desired floor balcony. 
This facility could also be provided with marginal tracks on each 
side of the loading pier for loading directly from open top cars 
to ships. 


PAPER BY GEORGE W. OSGOOD 
(Manager, Port of Tacoma) 

In this Paper, no attempt will be made in discussing port 
terminal design to cover sub-structure, as this is primarily a matter 
controlled by local soil formations. Attention is called, however, 
to a unique design for quay wharf construction recently developed 
by Mr. George F. Nicholson, Consulting Engineer, which he 
calls, ‘‘ Tremied Rock and Mass Concrete Gravity Wall,’ a 
design that is of a permanent nature and comparatively low in 
cost; then we have the gunite-jacketed and asphalt impregnated 
concrete piles that have proven records of efficiency of twenty- 
five or more years. Either type of piling lends itself to the use 
of quite recently developed precast concrete caps and deck slabs. 

Importance of Position and Length of Pier 

In laying out any comprehensive plan of port terminal 
development, first consideration must be given to the case of 
navigation in the berthing and unberthing of vessels. Masters 
and pilots are critical of this and always boost for ports of this 
kind. Some harbours are by nature of easy access, while man- 
made harbours present many problems, but in any event the posi- 
tion and angles of piers is of utmost importance. 

Length of piers should be commensurate with the length of 
vessels, with a minimum of 500 feet for single berths and 1,000 
feet for double berths. Any excessive lengths of piers over and 
above actual vessel requirements is a waste of space and invest- 
ment. 

Types of Piers 

Width of piers is to a large’ extent controlled by local con- 
ditions and areas available. ‘The ideal width for the handling of 
ransit cargoes is one with two sheds supported by two ship side 
railroad tracks on both sides of the pier at deck level with covered 
loading platforms in the rear of each shed and, between the sheds, 

space sufficient for two depressed tracks adjacent to each plat- 
form, with a paved roadway in the centre for easy access to motor 


trucks in the handling of tail-gate deliveries and loadings. If it 
is desirable to have a storage warehouse in conjunction with 
transit shed operations, this can be accomplished by widening the 
pier sufficientiy to allow the construction of a multiple storey 
warehouse between the sheds, Longitudinal wharves-are more 
adaptable to the combination of transit shed with supporting ware 
houses in the rear thereof than are the pier type wharves. A pier 
restricted in width to one shed with berthage for ships on both 
sides and two railroad tracks on the aprons at deck level necessi- 
tates the introduction of depressed tracks in the centre of the 
shed, which does not allow efficient and economical operations, 
nor does it provide adequate space for tail-gate working of motor 
trucks, an ever-increasing means of cargo transportation. 


Wide Sheds More Adaptable 


Width of transit sheds has been the subject of much discussion, 
but with the introduction of cargo handling by sling boards and 
fork lift trucks, wide sheds are more adaptable to efficient and 
economical handling than narrow ones. Therefore, sheds should 
at least have a width that will permit the piling of cargo in suf- 
ficient amount to cover a full shipload within the length of the 
vessel. The port of Long Beach, California, has recently con- 
structed and placed in operation a transit shed 200 feet in width, 
with a clear space, allowing great flexibility in cargo handling 
and lending itself to almost any type of cargo. It is said that this 
structure has the largest clear space of any in the world. Clear 
cargo piling height in sheds should not be less than 18 feet and 
preferably higher. 

North American ports have not gone in for ship-side cranes as 
have European and South American ports, possibly due to the 
heavy first cost and the objections of labour, in that this use cuts 
down the number of men employed in each hatch gang. Never- 
theless, their use does save money in the lessening of ship’s time 
in loading and discharging. 

Railroad classification yards in close proximity to piers are often 
too small in capacity for the quick segregation and dispatch of 
railroad cars. This is a phase that should be given careful study. 


Operation 

Port terminal operations are dependent somewhat on local con- 
ditions of labour, climate and diversification of cargo handled, but 
for general comparison they may be broken down into six 
categories, as follows:— 

(1) Straight outright leases. 

(2) Preferential assignments. 

(3) All operations by the terminal company, including hand- 
ling to and from ship’s tackle and car loading and un- 
loading. 

(4) Car loading and unloading by the terminal operator, 
with handling to and from ship’s tackle by stevedoring 
companies or by others outside of the terminal 
organisation. 

(5) Handling from hold of vessels through to place of rest 
on the wharf and vice versa by stevedoring companies, 
with all railroad car work being performed by the ter- 
minal company. 

(6) Car loading and unloading performed by outside con- 
tractors, with the balance of wharf operations by 
stevedoring companies, or all operations to be performed 
by stevedoring companies, or all terminal operations to 
be performed under contract between outside parties and 
the terminal company. 

The first two categories afford the most satisfactory and 
desirable arrangement whereby all the terminal operations, in- 
cluding ship work, are under one central contro] and performed 
by contract stevedores or by forces owned ‘and operated by the 
steamship companies who lease the pier facilities or have them 
under preferential assignment. Very few port authorities, how- 
ever, have enough berths or shed areas to grant assignments to 
each individual line or agency; consequently, it becomes neces- 
sary in most ports where several steamer lines are handled at the 
same terminal, to assign different berths from time to time to the 
same vessel on its various calls. 





The other four categories cite the usual forms or methods of 
operations that may be employed as against those applicable under 
straight leases or preferential assignments. Stevedoring and cargo 
handling on the piers represents some forty per cent, of steamship 
operating costs; consequently, these operations must be performed 
with dispatch and efficient management controls. The physical 
discharging and loading of vessels to and from ship’s tackle is 
manifestly a stevedoring function and is distinctly separate from 
pier operations. Outbound cargoes have to be assembled in 
advance of a vessel’s arrival at the terminal and inbound cargoes 
have to be sorted and stored pending delivery to consignees, 
which requires either car loading or unloading receipt and delivery 
by motor trucks, and the handling to and from ship’s tackle. All 
ot these operations co-ordinate with one another and to split them 
up between different coutrols tends toward confusion, lack of 
efficiency and higher costs. A terminal operator having good, 
up-to-date equipment, together with top supervisory personnel, 
can undoubtedly do a better job of cargo handling all the way 
from railroad cars to ship’s tackle, and vice versa, than can 
several different stevedoring companies working intermittently at 
the same terminal. 

Any contracting stevedore who would endeavour to do all 
terminal work, in addition to the discharging and loading of ships 
at several locations within his given territory, would have a tre- 
mendous investment in lift trucks, sling boards and other allied 
equipment. It would not be feasible to figure on transporting 
equipment from one terminal to another, as the time for its 
need at one location would not co-ordinate with the others, The 
only other alternative for this class of operation would be for 
the port terminal to own and maintain sufficient equipment for 
rent to the stevedoring companies, but, from past observations, 
I do not believe this would be a satisfactory practice. 
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tion, rewinding can be carried out by hand. 
Such a system as that outlined above is 
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Very early in the history of navigation 
the tolling of a bell was used to guide and 
Warn mariners during periods of fog, and 
even today when sound signals of great 
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It has been the writer’s observation that labour prefers to work 
for one employer in one operation, such as ship work in the ©. 
instance and wharf terminal work in the other, rather than wo:: 
ing under two or more employers in the handling of cargoes fr 
rauroad cars through to ship’s tackle, and again in the oppo: 
direction. 

Where the terminal company performs all the work on 
wharves, it can be completely synchronized with the use of slii: 
boards and done on a smaller margin of profit under the o 
management, and, in case a loss occurs in one operation, it « 
be offset by a profit on the other, The terminal operator m: 
deliver cargo from any place on his wharf, but if the handlii 
to and from place of rest is done by a stevedore company th: 
would undoubtedly ask for extras, by reason of long hauls, 
crowded conditions, or because of high piling of cargo. As long 
as other forms of transportation, including terminal companics, 
both municipal and private, are required to operate under pub- 
lished tariffs, it might be well from the standpoint of clarification 
if stevedore companies were likewise required to do so. 
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There seems to be no good reason why municipal terminals 
should not carry on their endeavours in such a manner as to 
provide a reasonable profit—at least, from the operating stand- 
point. This cannot be done, however, if outside companies are 
allowed to perform services on the properties for profit and pay 
nothing for this privilege, especially where the terminal constructs 
and maintains the facilities. 

The writer’s concluding opinion is that, outside of the first two 
categories listed above, namely, straight outright leases and 
preterential assignments, it is far better for terminals to com- 
pletely operate their own wharves rather than turn them over 
either in part or in whole to stevedore companies or others. 


Until recently, no satisfactory means had 
been devised for causing fog bells on sea 
stations to be sounded at predetermined in- 
tervals of time, or to impart to this form of 
sound signal any definite signal code which 
in effect would not only say ‘‘ here I am’ 
but ‘‘ who I am?”’ 





power are availabie and radio is widely em- 
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©) Hitherto it has been customary for bells 
on buoys to be operated by pendulum ham- 

















ployed, the fog bell remains an essential aid 
to navigation, and is in quite general use 
particularly on unattended light vessels and 
buoys. 

One of the earliest forms of mechanically- 
operated bell was that in which motive power 
for striking the gong was obtained from a 
weight-driven clock, and for shore stations 
this system is still in use, though in a con- 
siderably modified form. 

The old method of rewinding the clock 
by hand at frequent intervals has been re- 
placed by the application of electrical power, 
and in place of the old and sometimes 
crude clock mechanisms, modern designs 
provide roller chains for the weight-winding 
mechanism, high tensile alloy gears and 
ball bearings all operating in oil bath: 
and totally enclosed. The cam-operated 
hammers too are designed to use a uniform 
torque, thus reducing wear and permitting 
the use of a small compact governor. 

Having regard to the possible temporary 
failure of the electric supply system it is 
arranged that the clock is always kept fully, 
or nearly fully, wound, and for the weights 
to have sufficient distance to fall to maintain 
the signal in service for a period of from 
8 to 10 hours independently of the electrical 
rewind. To meet emergencies of long dura 
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Fig. 1 


only applicable to stations on land, and can- 
not be applied to buoys or unmanned light 
vessels. 


mers (see figure 1) which swing and strike 
the gong as the buoy rolls in the sea. At 
best such a method can only produce a 
rather meaningless jumble of sound, but un- 
fortunately under foggy conditions there is 
seldom any breeze and the sea is then often 
so flat that the buoy has hardly any move- 
ment and consequently very little sound is 
emitted by the bell just when the signal is 
most needed. 


A number of devices have been designed 
to overcome this imperfection, but it was 
not until the AGA method for using a gas- 
operated piston striker had been perfected 
and proved, that a reliable automatic means 
for accomplishing this became available. 


The problems involved, in the design and 
production of a mechanism capable of af- 
fording reliable automatic service over long 
periods without human attention, while ex- 
posed to the rigorous conditions imposed by 
its being carried at virtually sea level within 
the sperstructure of a buoy, proved both 
difficult and interesting. Obviously the 
mechanism should be of the simplest kind 
possible combined with mechanical strength 
and proofed against the entry of water. 
Weight and space too, are both important 
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Bells as an Aid to Marine Navigation —continued 


factors since the bell, and its associated 
striking mechanism and cylinders of C.O, 
as, have all to be carried in addition to the 
lighting installation, on a buoy whose dimen- 
sions and weight must be kept sufficiently 
low to allow of average Port facilities being 
sufficient to carry out servicing. 


TUNED BELL. _ 








BELL STRIKING 
MECHANISM. 














TIMING MECHANISM. 
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Carbon dioxide was chosen as the motive 
power for operating the striker because it is 
a practically inert gas and does not set up 
corrosion in the mechanism, and further it 
can be readily stored in transportable cylin- 
ders at a pressure suitable for the equip- 
ment. ' 

Fig. 2 depicts diagrammatically the gen- 
eral arrangement of a typical fog bell install- 
ation. In the pipe line leading from the 
C.O, cylinders a small chemical drier is 
coupled and functions in removing all pos- 
sible traces of moisture remaining in the gas. 

From the drier, gas is fed through two 





pressure regulators of special design which 
step down from the high pressure of tne 
cylinder to the working pressures of the 
timing and striking mechanisms. Two regu- 
lators are employed, and to provide against 
failure, they are coupled in series. 

The Mechanism for timing the strokes is 
operated by the pressure of the gas, and is 
similar in design to the flashers used in AGA 
acetylene operated navigation lights. Small 
charges of gas are released at predetermined 
intervals and give an impulse to a relay 
valve in the striking mechanism, permitting 
gas at high pressure to “ fire ’’ the plunger 
which strikes the bell. 

The characters most generally employed 
are those producing a single stroke at inter- 
vals of, say, 20, 30 or 40 seconds. The 
mechanism is also capable of producing mul- 
tiple stroke characters, but unless the inter- 
val between each group of strokes is fairly 
long, the gas consumption is appreciably 
increased necessitating the provision of more 
cylinders, and this factor, as stated earlier, 
may become important where storage space, 
and the increased weight to be carried are 
considered in relation to the floating body 
intended to support the equipment. 

The weight of the bell generally employed 
in light vessels is 103} cwts. while that most 
usual for buoys weighs 33 cwts. 

In both light vessels and buoys it is usual 
to arrange the lighting and fog bell installa- 
tions to provide for an automatic unattended 
service period of twelve months, but this 
can be varied to accommodate any special 
conditions required. 

One of the first buoys designed in this 
country to accommodate both automatic 
light and fog bell was supplied to the order 
of the Forth Conservancy in 1937 for service 
on the ‘‘ Hen and Chickens ’’ station and 
many installations have since been made in 
home and overseas waters. 

A typical buoy equipped with light and 
C.O, fog bell has just been built to the 
order of the Southampton Harbour Board 
and is on station in Southampton Water 
(Fig. 3). The diameter of the body is 9-ft. 
6-in. and the overall length from the bottom 
of the pendulum to the focal centre of tne 
lantern is 37 feet, the focal height above sea 
level being 20 feet. The weight of the 
buoy fully equipped but without moorings 
is 16,200 Ibs. 

In this case both light and fog bell equip- 
ments are designed to provide an unattended 
service period of six months. 

The light installation consists of a 200 
mm. lantern with lens in which a K.130 type 
flasher fitted with a 20 litre burner pro- 
duces a single flash of 0.3 seconds duration 
each three seconds. The light power pro- 
duced is 144 standard candles and the range 
from which the light is visible from the 
bridge of a ship= approximately 7.8 nautical 
miles. Two type A.50 acetylene gas accu- 
mulators carried inside the buoy provide 
the illuminant. 

The fog bell equipment consists of a bell 
striking mechanism type CSEZ/50 adjusted 
to produce one stroke each 30 seconds. The 


weight of the bell is 3} cwts. The C.O, 
gas is obtained from a battery of 3 type 
CC-50 cylinders housed in the body of the 
buoy. 

This buoy has been produced and 
equipped by The Gas Accumulator Co. 
(U.K.) Ltd. at their Brentford and Southall 
Works where all types of lighthouse appara- 
tus are manufactured and it is learned that 
the firm has recently supplied three light 
vessels all carrying light and fog bell instal- 
lations arranged to provide twelve months’ 
unattended service period. These vessels 
are for service on the West Coast of Britain 
while another similar equipment for service 
on the East Coast has recently been installed. 

Other buoys with light and fog bell re- 
cently delivered include three for service 
on the African Coasts. 














While the gas operated fog bell is a fairly 
recent development, the AGA marine light- 
ing system has now been extensively used 
for many years, and the history cards of the 
thousands of flasher mechanisms sent out 
from the works make interesting reading. 

In the lighthouse service the most impor- 
tant factor is reliability, and to ensure this, 
the manufacturers state that the larger types 
of flashers should be returned to works for 
complete overhaul at ten year intervals, 
and some of the smaller ones at seven year 
intervals, but the fact that the history cards 
reveal that many hundreds known to be in 
service today have been working continu- 
ously over the past twenty or thirty years 
without more by way of servicing than 
periodical changing of the main burner and 
pilot, speaks well for the reliability factor 
allowed in design as well as for the work- 
manship put into their production. 











Book Reviews 


Vizugyi Kozlemenyek. This quarterly review, pubtished by tne 
Water Board department of the Hungarian Ministry of Agricul- 
ture, deals solely with hydraulic matters. The text is in the 
Hungarian language, but summaries of the main articles are given 
in several other languages, French, English, German and Russian. 

The subject matter is mainly of current national water power 
activities from the professional civil engineering angle, dealing 
with development of various works and projects affecting agra- 
rian economy. The several copies of this review which have 
reached ‘‘ The Dock & Harbour Authority ’’ contain instructive 
examples of Hungarian engineering practice, and demonstrate 
that tne Ministry officials are alive to the agricultural needs of 
their country, and the necessity of dealing with their problems by 
modern scientific methods. hey make no secret of the tact that 
they are handicapped by a scarcity of constructional equipment, 
yet some of the works which they nave carried out since tne end 
of hostilities show remarkable progress. The river engineering 
section is particularly interesting, and there is little reason to doubt 
that in the tortuous slow moving rivers of their eastern plains they 
have developed an expert technique. The detailed description 
of the training works tor the low water regulation of the river 
Tisza contains much that appears primitive in these days of steel 
sheet piling, but it is certain that the efficiency of the methods 
used could not be bettered. 

The elements of construction comprised willow fascine tents 
and hedges, in other words, ‘‘A’’ frames of willow brushwood 
fabricated on rafts moored over the site, loaded with soil on the 
transversals and lowered on the bed of the river: the hedges were 
of young willows shoots placed in compact rows normal to the 
banks with the roots in a dug trench on the convex bank. The 
“‘A”’ frames, or triangular tents were used as longitudinal training 
walls on the convex bank only, as it was found that they were 
unsatisfactory for the concave bank, which was protected from 
further erosion by willow brushwood mattresses pegged to the 
surface. The only binding material used was iron wire for frames 
and hedges. In one or two seasons the spaces between the hedges 
or groynes silt up, the young willows take root, and eventually a 
valuable plantation of willow comes into being from which the 
engineers can obtain further supplies of willow for later training 
projects. 

Stone and gravel are unobtainable on the greater length of the 
river Tisza, but the Tokay area is more fortunate, and spurs and 
training walls in this more swiftly flowing section are constructed 
of quarry rubble, though not without the assistance of willow 
brushwood, which has to be used to complete the silting up 
satisfactorily. 

Arising from the successful training of the upper reaches of the 
river two further problems have resulted, the one which is the 
most difficult to solve, is the earlier arrival of the flood waters in 
the lower reaches causing a more extensive inundation of agricul- 
tural land, which can only be circumvented by the further con- 
struction of flood levees: the other is the lowering of the water 
level which in some reaches is as much as two feet. 

Dr. W. Laszloffy, the Editor of the four volumes covering the 
year 1948 must be complimented upon a worthwhile production. 
The English and French language summaries are understandable 
but lack the cogency of correct professional expression. 


Port Operation and Administration, by A. H. J. Bown, F.C.1.S., 
M.Inst.T. and Lt.-Col. C. A. Dove, M.B.E., M.Inst.T. 
Chapman & Hall, Ltd. 21s. net. 


In discussing the aim of this book the authors quite frankly 
admit that it has been written for ‘‘ young men studying for the 
examinations of the Institute of Transport.’’ This is in itself of 
sufficient importance to justify its publication, for there has not 
hitherto been one book dealing comprehensively with the many 
aspects of port operation and administration. In their biblio- 
graphy the authors give a list of standard works on various aspects 
of the subject, but I fear that many of these books are now out 
of date, and possibly out of print, and to buy them all would be 
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beyond the modest means of a junior executive officer of a port. 
If the bibliography has been the foundation of this present book, 
then the superstructure has been equally carefully built up, as 
will be seen from the list of the highly qualified people to waom 
acknowledgment for their assistance 1s given by the authors. iter 
having served a port in several capacities for nearly forty years 
I read this book with a severely critical eye, but 1 gladly ack- 
nowledge that there is a little with which 1 disagree. In iact, | 
found it not a dry as dust textbook but a book of sustained in- 
terest. 

And now for a few words of what I hope will be useful criticism 
to the authors. The authors’ account ot passenger facilities is, | 
am afraid, a dream of Utopia. My recent personal experience 
was a nightmare. We came alongside at 9.30 a.m., and climbing 
over stacks of very well mixed baggage, waited in the Customs 
Shed till 12.30 p.m. We finally left by the boat-train at 2.30 
p.m. with not even a cup of tea available in the meantime. Such 
wretched facilities should not be tolerated by the shipping com- 
panies or port authorities who are steadily but surely losing their 
first-class traffic to air. The subject of dredging has been dealt 
with lightly, yet to many ports this is a substantial item of capital 
expenditure and an annual maintenance—expenditure which may 
be forced upon a port authority if it wishes to retain the traffic 
of liner companies who are building deeper drafted vessels. Closely 
associated with dredging is silting due to tidal conditions, a sub- 
ject to which some ports are now giving serious attention by carry- 
out experiments, by means of models which will reproduce mechan- 
ically the physical conditions to be found in the tideway. 

I hope that before the next edition of this book is published the 
authors will be able to visit the Port of Rotterdam where they 
will find much about which I write, particularly of a waterway 
free of barge roads and possessing a wealth of floating equipment 
for dealing with the discharge and loading of vessels at moorings 
remote from a quay. 

Dock labour has a chapter to itself and the authors have very 
wisely dealt with the subject in a chronological manner. It is, 
however, a chapter which cannot be taken as final for the docker, 
stevedore and longshoreman are an unstable section of transport 
workers who have not yet attained all they desire in security of 
employment. 

With regard to Inland Water Transport, the authors deal solely 
with the Cinderella of British Transport. More I feel might have 
been said of some of the great canalised waterways and canals 
of other countries from which there are many lessons to be learnt. 

I have no doubt but that ‘‘ Port Operation and Administration’ 
will become the accepted manual for all students of this subject 
and a reference book for junior executive officers. Changing con- 
ditions such as the increase in the mechanisation of ports will 
necessitate further editions and while congratulating Mr. Bown 
and Lt.-Col. Dove on producing such a book I would warn them 
that they cannot regard their work as complete and final. 

A.G.T. 





Warne’s Metric Conversion Tables, designed by Otto Klein, 
computed by Scientific Computing Service, Ltd., 104 pp. 
Published by Frederick Warne & Co., Ltd. Price 15s. 


Warne’s Metric Conversion Tables have been compiled to meet 
the demand for a quick and efficient system of converting Imperial 
or American Measures into the Metric System, and vice versa. 

The Metric System, established in France in the year 1801, 
has long been in use on the continent and other countries of the 
world, and although the system was legalised in Great Britain 
in 1897 (Act 1897, 60 and 61 Vic. cap. 46), it was not generally 
adopted, the Imperial Measure having been approved. 

Measures of weight, length, speed, surface, volume and capacity 
are included, together with tables of reduction and thermometer 
and pressure measures, comprising a total of eighty tables. 

There is bound to be a very great call for this publication by 
all manufacturers and exporters engaged in the export drive, as 
the book provides tables covering different weights and measures 
which are used in America and differ from usual British practice, 
i.e., the American and Imperial gallons, and the American short 
and British long tons, which often cause confusion. 
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Coast Erosion 


An Enquiry into Causes and Remedies 


3y R. R. MINIKIN. 










(Continued from page 308) 


Erosion of Clay Banks or Cliffs 

The soft strata of glacial drift, clays, etc., in a dry condition 
present their most resistant characteristics (Fig. 7), but once they 
become saturated there is a great deterioration in their behaviour. 
The sea shore banks, or cliffs, of these materials, and the softer 
rocks, usually present a ragged appearance of broken surfaces 
covered here and there with poor patches of vegetation, which, 
though clinging tenaciously to the soil, do so precariously. The 
natural slope to the shore may be anywhere between 15 to 25 
degrees. Some which are traversed by thin beds of ironstone, 
shale, or other more resistant material, for a time, may have a 
steeper angle; but that is an unstable condition. When rain falls 
on these banks, it drains to all the little pockets of the broken 
surface, and may be reinforced by the discharge from broken field 
drains at the top soil layer. This water percolates through the 
ground and in the natural course the waters from several of the 
pools combine so that at the foot of the slope a small stream, 
Even a 
uniform slope covered by thin vegetation may show this. In the 
course of time, the continued flow of water extracts and trans- 
ports all the finer particles in its path, thus establishing a zone of 
collection in its vicinity within the mass, for water and air are 
uncannily attracted by all voids. To an experienced eye, any 
indication on the bank, or on the beach in front of it, of any wet 
patch is a warning of danger, as we shall later see. 

Soft ground, like clays or sandy clays, retain slopes and height 
by friction and cohesion between the constituent particles, If 
there were no friction, the grains would slide down the slope like 
water; if there were no cohesion in clays, the slope would be very 
flat and would be due only to the characteristic angle of internal 
friction of the material, grain upon grain. The term “‘angle of 
repose ’’ is usually employed to mean the characteristic slope at 
which a bank of the material remains stable, but, as detailed 
above, it is not the same thing as the angle of internal friction. 

The general expression for ‘the shear resistance of a coherent 
soil in partial saturation is: 


k + ptan « 


where k = coefficient of cohesion 
p = Normal pressure intensity per unit area 
a = angle of internal friction. 


The friction angle of average sand is 33 degrees and of clays 
about 7 degrees. Clays, however, have a high cohesion value, 
which in the optimum state, that is when they are not saturated 
with water and not dried out; but have just the right moisture 
content, that allows them to stand at slopes of about 30 degrees 
or more. When, however, they become very wet, or saturated, 
the cohesion value diminishes and they slump like dough. During 
dry weather the surface of a clay bank may stand almost vertical, 
providing internally it has not lost the moisture of its pore water, 
but if the drying out is such that the shrinkage causes cracks, it 
will lose its cohesion and crumble readily. In this latter event 
there is no danger to the bank, providing it regains its moisture 
content gradually, in small doses; for example, by gentle rain- 
fall or a period of cloudy, damp weather. 

The presence of sand in clay, that is a sandy clay, increases 
iis friction angle by an amount in proportion to the sand content 
and renders it less liable to slump—nevertheless, it is still affected 
by the moisture content. Clays absorb water greedily, they swell 
or contract in proportion to the amount of their absorption, or 
crying. A disturbed clay, or one that has been moved from its 
original bed by natural, or other means, loses whatever good 
qualities it had and keeps all its bad ones. It will not re-make 
up into anything like its original resistance qualities, whereas 


granular material, like sand, can be moved anywhere and will, 
approximately, retain its original characteristics when consolidated 
or the grains brought together as close as they were originally. 
It will therefore be appreciated that clay banks should in their 
original state be interfered with as little as possible and, where 
this is unavoidable, it would be of advantage to use granular 
backfill. 

All soils when submerged in still water, whether granular or 
cohesive, retain the same qualities of internal friction, but as the 
weight of the constituent particles is reduced by the buoyancy 
of the water, and as the measure of friction is a function of the 
weight of the particles, there occurs a draw down, or a decrease 
of the effective stable angle of repose. The amount of the draw 
down of cohesionless soils is arrived at by: 


a, Oe 
tana, = ( ) tan @ 
pw+e 


where «, =submerged angle of slope 
@ =angle of slope in the dry 
p =density of the material 
e=n/(1—n) =voids ratio 
n=porosity of the material. 

Any bank of earth, whether inland or on the coast, retains a 
certain amount of water, even though its level is high above the 
surrounding ground; in other words, it acts as a reservoir of rain- 
fall, The top surface of this held water is called the water table. 
Naturally, in wet weather, this will be close to the surface, but 
on account of natural drainage, springs, vegetation and seepage, 
it will be lowered in dry weather. If CD and EF (Fig. 8) repre- 
sent the dry weather and wet weather water tables respectively, 
the hatched area between the two will represent the added 
buoyancy or a loss of superimposed weight of the surface slope 
crust in wet weather compared to the dry. This is not strictly 
true, because the seepage flow reduces it to some extent. Now if 
the dry weather caused surface cracks as shown at G, due to 
shrinkage of the soil, it will be appreciated that a heavy rainfall 
wili penetrate the ground through the cracks more rapidly than 
usual. Besides that, the depth of the crack represents an amount 
of shear resistance that has been destroyed. Now we know that 
all loose grains on the slope are prevented from sliding to the base 
by reason of their friction qualities, and the slope itself is only 
restrained from also sliding to the base by friction and cohesion, 
or shear resistance within the mass. Then we have the con- 
dition that the resistance due to the sum of friction and cohesion 
along the weakest possible rupture plane, shown barbed Fig. 8, 
should be greater than the gravity forces stressing the mass of 
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Fig. 9. 


the slope above the barbed plane. But we have seen that the 
cracks at the surface, the penetration of the water into the 
ground, the heightened water table, and the weakening of the 
heart of the mass by seepage, have each played their part in 
reducing the resistance to slide downhill, the result is, the crust 
of the slope shears along the weakest plane, and the mass slumps 
or slides downhill. 

The clay banks of the coast, such as Whitby, Frinton, Folke- 
stone and Herne Bay, have yet other forces to contend with. 
The general picture is as follows. Wet weather is frequently 
stormy weather also. Heavy seas and high tides sweep in to the 
toe of a bank ABC (shown dotted Fig. 9), washing out a portion 
of the toe FC. This reduces the toe weight and in effect steepens 
the slope of the bank, and therefore further stresses the resistance 
value of an already heavily stressed material. The result is, 
shear takes place above the plane DEC, and the ground slumps 
forward, spewing over the beach as shown by horizontal hatch- 
ing. This is then frequently followed by a second fall, the steep 
sided top edge ADE slipping on the plane AE and depositing on 
the top of the first fall, as shown dotted. Within a tide or two 
the material fanning over the beach is soon reduced to normal. 
The top edge at the surface of the standing ground, where the 
slip has sheared away is usually, in plan view, an arc of a circle 
(Fig. 6); and the shearing plane is not a plane so much as a 
scooped out valley, unless the clay has been almost liquified, 
when there is no telling where the shear plane begins or ends. 

The expense of the stabilizing and protection of such coast lines 
has, in the past, been particularly heavy. Much of this expense 
has been due to the parsimonious way in which works were 
undertaken; inadequate measures, and poor design, engendering 
recurring failures. At Herne Bay and Reculvers the recession of 
the coast has reached alarming proportions and threatens valuable 
property. In 24 years, between 1872 and 1896, according to Mr. 
E. R. Matthews, the low water mark advanced shoreward no less 
than 1,000 feet. To protect the east cliffs of this bracing seaside 
resort, a timber piled wall with the top about 10 feet above the 
beach level (Figs. 10 and 11) was erected. The 12-in. x 12-in. 
king piles were tied back into the bank by 1{-in. diameter steel 
rods to anchor plates, at about 8-ft. centres. The space between 
the king piles was panelled with 3-in. timber sheeting up to the 
bottom waling, shown in the forefront of Fig. 10. The top por- 











Fig. 10. Herne Bay East Cliff. The spewing of clay banks over a 
timber sea wall. 
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tion between the bottom waling and the cap riband was panc.led 
with 3-in, plank ends spiked to 3-in. x 3-in. battens. In {front 
of this the beach, which is thinly veneered with shingle, is ra-her 
too well furnished with timber groynes at about 50 feet spacing 
and about 100 feet long. The foreshore is blue clay. This timber 
wall is now in bad repair. ; 

When the several slips of the clay banks took place, the blue 
clay spewed over the top of this wall to a height of about 10 ‘cet 
above the cap: the background of Fig. 11 shows that there still 
remained clay at that height when the photograph was taken. 
Succeeding high tides and storms washed away the excess of clay 
topping the wall, and scoured out the material behind it, where 
the panel piles were damaged. The patch of shingle (Fig. 11) 
lying on the clay at the top of the wall was thrown up from the 
beach 8 feet below at one of the few spots where the piled wall 
is in fair condition. The whole of the bank slope for several 
hundred yards is pitted by weathering; in a wild state of broken 
disorder with huge humps of clay projecting above the average 
slope. When dug, this clay is hard and looks like shale, but 
when wet is greasy and runs like a lumpy porridge. 

Stabilising of Clay Banks 

Further to the west, the clay banks at Herne Bay have given 

much trouble. Severe slips occurred and though confined at the 


toe by the promenade back wall of concrete, the bathing huts of 
reinforced concrete cubicles were tilted over and destroyed. An 








The washing out process of the 


slipped clay banks. 


Fig. 11. Herne Bay East Cliff. 


elaborate herringbone drainage system had been previously laid 
over this slope, but unfortunately for one reason or another 
had not solved the problem. From observations which the author 
had made of various similar clay banks, he had noted that they 
appeared to be more stable in the areas traversed by zig-zag path- 
ways or steps. From that he made the suggestion to design such 
slopes in the manner shown by Fig. 12. This would encourage 
self-draining and break up long runs of storm water over the 
slopes. The slope of the bank is broken by flat berms which run 
diagonally across the face, one or all of them serving as path- 
ways. The portion between the berms should have a slope not 
less than 1 in 2. The inner, or uphill, verge of the berms should 
have French drains, 3-in. to 1}-in. shingle backfill to the surface; 
laid down the slope, and at convenient intervals should connect 
to inspection chambers, or small open jointed manholes, through 
which passes the transverse collecting drain. If the berms are 
covered with a sealing coat for use as a footpath, then they 
should slope inwards towards the drain and be provided here and 
there with a gulley. 

It will be gathered that to prevent recession of the coast bor- 
dered by clay cliffs, or banks, the collapse or slumping of the 
banks is the first necessity; and secondly,. substantial protection 
at the water line. The first is mainly a drainage problem, pro- 
viding, of course, that a reasonably flat slope has been given 
to the bank and efforts made to plant it with suitable vegetation, 
particularly near the foot of the slope. As the most difficult o! 
these cliffs are those which face to the north, the character and 
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height of the grass or shrubs should be selected to avoid the 
blinding of the sun’s rays. Since sea walls for ground of this 
nature are threatened from the rear by a possible semi-liquid mass 
ani from the front by the sea, they must be substantial and 
weighty. Patchy solutions merely defer the problem. If there 
is no question of valuable property concerned, bold measures 
will, in the long run, prove the more economical. The top edge 
.of the bank should be cut back, and one or more berms comprised 
in the scheme to break the slope. The most important point is to 
interfere with the natural beds as little as possible, and avoid the 
use of clay spoil to fill pockets or depressions; if depressions must 
be filled, or left in the bank, it will become essential to drain them, 
no matter what the fill may be. 

The type of wall to use will depend upon the economic con- 
ditions and the available material in the district; the range may 
be from heavy rock fill as used on many Spanish foreshores, or 
reinforced concrete. There are two good designs to be seen at 
Folkestone—the one at the base of the East Cliff serves as a 
promenade and is of expensive arched construction; the other is 
a cheaper design (Fig. 13) and is situated at the Warren. The 


counterforts and base slab of this wall are placed to the seaward 


side of the wall. For the strength and the weight of the wall, it 
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Fig. 12. Drainage of Clay Slope. 

is advisable to consider the clay slope by the circular shear method; 
otherwise use an hydraulic equivalent not less than 0.66 for the 
ordinary retaining wall computations. Now foundations on clay, 
even inland, require much care and understanding to achieve 
satisfactory results, so it will be appreciated that on the sea- 
shore under the varied stresses and wet conditions, there is a 
greater need for experienced handling. The base of the wall 
should be broad to prevent tilting under back pressure; the 
foundation need not be deep, providing an adequate curtain wall 
is carried down into the clay of the beach to prevent sliding by 
mobilising the shear resistance of the material to the front. When 
the ground is prepared for the foundations, it is of advantage to 
place rough rock lumps into the sub-foundation surface before 
pouring the concrete, and always this surface should be clean 
and free from slime or soft clay. This roughening of the base 
assists the resistance to sliding. If these precautions are taken, 
there is no need to incur the expense of steel sheet piling for a 
curtain wall. A substantial bench of rubble fill at the back of the 
wall serves two excellent purposes: it increases the weight at the 
toe of the bank and provides a good medium in which the bottom 
drains may be inserted. The drainage water should be collected 
here in a longitudinal drain and communicate with the sea with 
1s few discharge points as possible. 

Some years ago Mr. A. E. Matthews suggested a design of 
protection wall for the Holderness Coast, as shown in Fig. 14. 
‘his was in the early days of reinforced concrete and before the 
idvent of soil mechanics, hence one cannot be surprised if the 
design does not conform to the accepted principles of good present 
lay practice. When Mr. Matthews suggested this type, he did 
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Fig. 13 The Warren—sea wall and outside counterforts 


what many notable engineers of his time were also inclined to do, 
that was to place too great a reliance on reinforced concrete, and 
to consider clay as a soil like any other. They had an ignorance 
of the inherent behaviour of clay. Unfortunately, here and there, 
one sees this design modified, but essentially still used. A similar 
type (Fig. 15), but of heavier construction, is the old sea wall 
at Hornsea. At all times one should avoid the use of thin concrete 
slabs within the reach of breaking waves, particularly on steep 
slopes, or as pavement close to the edge of a wall. As designed, 
the wall of Fig. 14 is unstable, in spite of the heavy counter- 
forts, whereas the Hornsea wall is unnecessarily heavy in the 
wrong place, and is too deeply founded in the clay. The thin 
reinforced concrete slabs in both designs are unnecessarily expen- 
sive and inadequate. What has been appreciated in the design 
is the necessity for height above high water on this easily erodible 
Yorkshire coast, to prevent the fall of green water, or heavy spray, 
on the glacial drift of the banks. The types of wall more suitable 
for this material are those recently used for the protection of the 
Norfolk dikes. As the sub-foundations are of clay, the steel sheet 
piling can be replaced by a suitable curtain wall of concrete at 
the seaward tip of a sloping apron: the main wall to the landward 
designed with a battered face, and the coping at least 15 feet 
above high water springs. The bank above should be sloped back 
at 1 vertical and 2 horizontal. Wherever possible, the wall should 
rest on natural ground; if fill is necessary to preserve a pleasing 
line, it should be granular and well packed. In those places 
where there is evidence of seepage, drains are imperative. 


Erosion of Sandy Clay Banks or Cliffs 


Along the south coasts of England and Eire there has been 
erosion of sandy clay banks or cliffs due more to the severe 
frontal attack of storm waves rather than to weakness in weather- 
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Fig. 16. Bournemouth — showing weathering of face under the 
indurated bedded stratum. 


ing qualities such as that treated above. From Falmouth to 
Christchurch there are several stretches of cliffs of varied strata 
of boulder clay, Wealden clay, shales, quartz, grit and gravel. 
and owing to the bands of the harder rock-like material traversing 
the softer clays, the degree of natural stability of the exposed 
faces allows a fairly steep slope. Between Poole Harbour and 
Bournemouth, one finds the light coloured Bagshot beds and 
cliffs, which stand at about 15 degrees from the vertical. The 
weathering effect on these cliffs can be seen in the vertical gullies 
formed by the upper ground drainage seeping through to the 
face, passing over the ledge of the less permeable stratum and 
wearing out deep channels in the softer ground. The photograph 
(Fig. 16) shows how weathering has bitten into the lower beds. 
Unfortunately, the photograph had perforce to be taken from the 
front of the bathing huts, which hide the accumulation of scree at 
the base of the cliffs; nevertheless, the effect of the seepage is to 
be seen, and makes it easier to appreciate that the material of the 
cliffs at the base is considerably softened thereby. Where slips 
have occurred in the ground slope above the rock bands, they 
have been back-filled and reinforced with brushwood walls of 
wired bundles of faggots placed in the slope along horizontal lines, 
as shown in the dark streaks in the right-hand corner. In the 
area where this photograph was taken, a promenade 24 feet wide, 
and a sea wall about 10 feet high, have been constructed on the 
beach to the front of the cliffs. This provides protection and 
amenities for the visitors to this fashionable seaside resort. Further 
to the west from the end of this promenade to Sandbanks, the 
beach level is much lower, due to the erosion of beach and cliffs, 
and, at high tide, there is a depth of a few feet of water at the 
cliff face. It will be appreciated that these cliffs, weathered as 
the photograph shows, with the face indented by deep drainage 
gullies, would be very vulnerable to wave attack. Therefore, to 
halt the erosion at the base of the cliffs, a concrete wall with a 
battered face about 15 feet high is built up from the beach, hug- 
ging the cliff face. Along this Bournemouth Bay, where the cliffs 
are about 60 feet high, the continuity is broken by intersecting 
chines or small valleys, giving a wavy silhouette to the coast line. 


~ “Wave Cur lRocKS 





Fig. 17 (left). Old Harry Chalk Cliffs, Studland. 
Fig. 18 (right). Dover. Fall of Cliff. 





The methods to check erosion on this stretch of coast are simple 
and efficient. 

At Tramore, Eire, there has been considerable erosion o/ a 
similar character, and as far back as 120 years ago the authorit'es, 
to protect the town from the sea inroads, constructed a sea wall, 
which, by the by, is still in fair condition despite damage at various 
times. After a time this sea wall was outflanked at both ends, 
When erosion had become severe, the authorities drove a wall of 
rough timber piling at the eastern end. This proved of no avail, 
and a new length of sea wall was constructed to the east. Owing 
to the recession of the coast on this stretch, it was stepped back 
from the line of the old wall. After some decades this eastern line 
of wall was also outflanked to the east, and by the time the con- 
struction of a further length of wall was commenced, the coast line 
had again receded, so this, too, was stepped back from the line of 
the last built wall, and to take advantage of the protection of a 
width of beach at high tide. Although this newest wall has only 
been completed for 15 years and has had protection from an 
accretion of shingle to the east, it is already showing symptoms of 
being outflanked. The on-shore gales throw the shingle inland 
more rapidly than the supply to the beach. Still further to the 
east, the sand hills and sand beach show no signs of erosion; but 
west of the town, the boulder clay and rocks are visibly receding. 
Mr. J. P. Quigley, the Engineer to the Authority, who has made 
a notable study of the phenomena, has estimated that to the west 
the erosion has the average rate of 1 foot per annum; in the 
centre of the bay, 3-ft. per annum; and to the east, near the sand 
hills, there is no erosion, He further advances the opinion that 








Fig. 19 (left). Westgate chalk cliffs showing weathering at the top. 
Fig. 20 (right). Cliftonville—cliff protecting wall of concrete. 


the building of the sea walls has robbed the fine sand of the 
moisture due to continuous seepage from inland, and made them 
more liable to translation by wind—indeed, he has observed heavy 
sand migrations under the westerly winds. 


Erosion of Soft Rocks 


On the south and south-east coasts, examples of heavy erosion 
of soft rock abound. The white chalk cliffs of Dover, so welcome 
a sight to the returned traveller, are not alone in their pleasing 
nostalgic appeal, for the coast has many seascapes of equal 
aesthetic attraction: the Seven Sisters in Sussex; the Needles in the 
Isle of Wight; the Old Harry Rocks at Studland Point, Dorset; 
and many more, are examples of commanding beauty and stern 
reminders that rock itself cannot resist the toll of the elements. In 
fact, the restless change that goes on all along the sea board is 
much more in evidence on a rocky shore than on the strands of 
sand and earthern cliffs or banks. In the latter, the debris of 
denudation is washed away, leaving few or no clues to the recession 
excepting the negative ones of historical record on plans, etc.; 
whereas on a rocky coast, the stacks, pinnacles, prominences, in- 
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deniations and wave worn arches are self evident. Chalk cliffs 
are eroded at a relatively rapid rate, and in a manner peculiar to 
the material. All rocks have pores, which allow of the penetration 
of snoisture, but few are so hygroscopic as chalk. They greedily 
imbibe the water and hold it. The sea cliffs are usually precipitous 
for the reason that they are traversed with joint planes that allow 
of easy vertical shear. They are easily abraded, On the higher 
cliffs, the weathering keeps pace with the abrasion by sea wave 
bombardment, which gives to the face an almost vertical profile 
and appearance ot uniformity. Chalk cliffs of lesser height are 
more subject to localised denudation, with an irregular cliff line, 
caves and pronounced indentations, such as the Old Harry Rocks 
at Studland (Fig. 17). Here the sea attacks viciously, carving 
out deep pockets and, as though guided by some understanding 
control, drives through the weaker defences. It would be a mis- 
take to think that the parts left standing are more resistant in 
character to those parts already eroded, it is more in the nature 
of a concentrated attack of the waves guided by cliff face shape. 

This point can be well illustrated by Figs. 19, 21 and 22, of the 
cliffs at Westgate, Kent. The advance begins at a slight indentation 
in the cliff face, such as appears in the dark patch in the centre 
of the photographs Figs. 19 and 21, where within a distance of 
100 yards, four horse-shoe shaped small bays have been sculptured 
in the chalk from the original face shown dotted. It will be noted 
that the neck of the end tongue of land at D has been demolished, 
leaving a pinnacle of rock fronting the cliff. These bays are 
carved out from about the high water line upwards and then 
subsequently the portion below high water is abraded to beach 
level. The thresh of the breaking wave against any concave por- 
tion compresses the air in the joints and bedding planes clearly 
shown in the photograph, and wedges the outer portions away from 
the mass, piece by piece, After a while a concave recess is formed, 
exposing the joint planes of the roof material, which is weakened 
by the same process. The top portion then falls away and pro- 
vides a more extended scope for wave concentration (Fig. 21). 
Now the waves from any angle will attack the pocket, as shown 
by the arrows. The deeper the indent, the more violent the wave 
blow. Along this coast from the North Foreland it has been the 
practice of the Margate authorities to wall up with concrete all 
indents of this nature, and all fissures to halt the erosion. The 
photograph shows that from just below high water there is sea- 
weed growing at the foot of the cliffs, indicating that, for the 
time being, the erosion is concentrated at a higher level, which 
shows up lighter in colour. When the more prominent part of the 
peninsula is pushed back above the seaweed zone, the turbulence 
then provoked by the submerged ledge of rock left in the beach 
will bring upon itself the full erosive force of the waves, until it 
is reduced to beach level. 

To halt the incursions of these denuding tongues, walls of con- 
crete (B) were built at the positions shown, to a height of about 
12 feet above high water. At the beach level the faces of the walls 
are about 8-ft. in front of the cliff toe, and have from there a 
backward batter of 1 in 3 to the top. They are back-filled with 
broken chalk or quarry waste and then covered in with a concrete 
slab laid at a slope of 1 in 6. Protection such as this can only 
be temporary and indicates a forlorn hope of recovering the lost 
ground. Sooner or later the sides of these pockets will be eroded, 
the wall will be outflanked and probably destroyed. I would 
suggest that the better solution for conditions like these would be 
to construct a concrete wall through CED (Fig. 22), following an 
easy line to the front of the peninsulas, and back-fill the eroded 
bays with the spoil chalk, obtained by lopping off the upper por- 
tions of the dividing necks of chalk. Then the top surface could 
be trimmed to the section shown hatched, providing a lower 
promenade and a glass slope, which would be a useful addition 
to the amenities of this delightful resort. To leave it in its 
present condition means a loss to the public of a considerable 
ground area and the pleasure of nearness to the sea. There is 
also the point that so long as the wall is maintained in good order, 
erosion will be kept to a minimum. 

At Cliftonville the erosion of the chalk cliffs, east of the Lido, 
has at various times caused concern to the authorities, and, to 

















Fig. 21. Chalk cliffs at Westgate: Note the weathering, wave erosion 
marks, joint and bedding planes 


safeguard the promenade from slips, weak portions of the cliff face 
have been buttressed with isolated brick and concrete piers. Within 
recent years isolated concreting up of fissures, indentations, etc., 
in the cliff face has given place to a more efficient cont-nuous con- 
crete wall, shown in the photograph Fig. 20. This wall hugs the 
face of the cliff and is about 15-ft. high, with a nicely curved 
projecting coping, weathered at the top. 

On the higher chalk cliffs, such as Dover, there is such a great 
area exposed to weathering that little in the way of protection 
can be done. The terrific problem that would have to be tackled 
is best illustrated by the consideration of the huge landslip which 
occurred in 1912 to the west of Shakespeare Cliff (Fig. 18), when 
an enormous quantity of chalk fell into the sea. The debris formed 
an embankment nearly 500 feet long out to sea, about 100 feet 
wide and 25 feet deep. This huge pile was soon entirely dispersed 
by the sea. It is evident that here the problem would be a most 
unequal fight against the elements. These high chalk cliffs only 
become stable when the slope of the face is such as to promote the 
growth of vegetation, as at St. Margarets Bay, to the east of 
Dover, and even then in the course of time there are sure to be 
landslips, indeed indications are that landslips will not be long 
delayed. There is always weakness where water penetrates and 
where there is seepage water there is a growing danger. 


(To be continued) 
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Fig. 22. Westgate—Protection Walls. 
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The International Association of 
Navigation Congresses 





Review of Papers Presented at the 


Lisbon Congress, 1949 


(Continued from page 314) 





Last month we published the General Reports on Communi- 
cations 1 and 2 of Section II Ocean Navigation—Coast Erosion 
and Concrete in Sea Water. 

In the pages of this issue the Review of papers submitted to the 
Congress is continued with abridged Reports on those presented 
in respect to Communications 3 and 4—Traffic Routes across 
Canals and Waterways in Ports and Waves in Harbours, which 
complete Section II Ocean Navigation and conclude the Proceed- 
ings of the XVIIth International Navigation Congress. 


SECTION II.—OCEAN NAVIGATION. 
Third Communication. 
A land traffic-route crossing a maritime canal or a sea-port-canal. 
(14) Determination of minimum headroom. 
(2) Comparison of cost of installation and operation of a_ high 
bridge. movable bridge, tunnel, transporter bridge and ferry, 


with due relerence to the limitations severally imposed by 
them on land and water traffic. 


(3) Experience resulting from the war. 
GENERAL REPORT BY MR. JOAO ALBERTO BARBOSA CARMONA 
Ingénieur Inspecteur Supérieur des Travaux Publics, 
Ancien Chef du Bureau des Ponts au Service des Routes. 

Before examining the communications which have _ been 
presented, we think it necessary to remind the reader that, accord- 
ing to decisions taken previously, the reporter-general must limit 
himself to general considerations, giving the items in each of the 
papers which have been sent to the Congress, which are considered 
as being essential, and to present his own conclusions. 

Therefore we must give a very brief summary of each of the 
papers and we hope that the honorable authors will excuse us if 
something has been forgotten in this general report in connection 
with ‘an important item, which should have been mentioned; they 
must not conclude that they are not worthy to be mentioned or to 
be appreciated as they deserve. 

Denmark 

Mr. J. G. Rode gives, in his interesting study, the solution 
which has been adopted for the replacement of two old existing 
bridges in the port of Copenhagen, and which connect the islands 
of Zeeland and Amager, and are called the ‘‘ Langebro ’’ and the 
“‘ Knippelsbro ” The author gives a good justification for the 
adopted solution, which is the best and the most economical, 
compared with that of tunnels and a high bridge. The new bridges 
are of the type double Scherzer bascule bridges. After different 
studies, preference has been given to the solution which consists of 
building the bridges at a level, as near as possible, to that of the 
neighbouring land, with a headroom, under the movable span, 
sufficient to allow the free navigation of small craft, tugboats, 
barges and fishing boats. 

Comparative studies made in 1927 have shown that the cost of 
a bridge of the adopted type, only 25 m. wide, would be 6.1 
millions of crowns; that the cost of a tunnel with 12 m. roadway, 
would be 17 millions of crowns; of a high bridge 22 m. wide, 
would be 11 millions of crowns—the modifications and the 
indemnities to pay for changes in the neighbouring streets are 
not included. 

Spain 

Mr. Fernando Rodriguez Perez, in the first part of his well 
conceived paper, deals with the problem of the headroom required 
in the Spanish ports; he states that the tendency in naval architec- 
ture leads nowadays to a decrease in the height of the masts of 
ships. This is the reason why he considers that an increase of 
the usual headroom is not necessary. 








The headroom which can be considered as classical, 45 m to. 


50 m., is only necessary (and can often be insufficient) in p orts 
of call of important navigation lines, but is not the case in Spa: is 
ports, where the necessary headrooms are approximately the 
following:— 
(a) Sea ports, for passenger ships and cargo 
boats of every kind (which is the case for 
the greater part of the Spanish ports) ... 40 m, 
(b) Inland ports where passenger ships atrive; 
the sailing boats entering by motor power 


or are towed; at the approach ... ss 35 m. 
(c) In the interior of the ports, seaward of the 
landing jetties ae . yes as 30 1m, 


a 


Exterior or interior ports, of insufficient 
depth, ay * used by coastal navi- 
gation wis ae 20 to 30 m. 
(e) Fishing harbours: ports of local interest, of 
small depth and where the port instal- 
lations are not important wr ‘a 15 to 25 in, 


(f) Inland navigation si 4 to 10 in. 


In the case of vertical lift ieliein. Sine heights have to be 
increased by 2 to 5 m., and for the crossing of electric power lines 
and telephone lines, etc., by 5 to 10 m. 

In the second part the author states that the 2nd paragraph of 
the 3rd Communication cannot be dealt with in a general and 
abstract manner. The local conditions determine the cost of in- 
stallation in each special case, and sometimes (to a certain extent) 
the cost of operation. Consequently the most economical solution 
for one case is not always the most economical in another case. 

In regard to the cost of tunnels, high bridges and movable 
bridges, he states that generally tunnels are very expensive, 
except when the sea traffic is very extensive and that therefore 
the land traffic justifies it. Their cost can vary between 5,000 and 
10,000 pesetas per m?. 

Comparing the initial cost of movable bridges and fixed bridges, 
the author comes to the conclusion that the former are the most 
economical. When, however, the difference in length of the 
viaducts is less than 500 m., the high bridge is more economical 
in installation cost, ‘and when it is more than 1,000 m. the con- 
trary is true, 

Analysing the time lost in operating mpvable bridges, the author 
comes to the following conclusions:— 

(a) That swing bridges with vertical axis require the total open- 
ing of the spans for the passage of the boats, requiring at 
least 6 times more operating time ‘and consequently a greater 
interruption of traffic than the bascule bridges; furthermore 
they have other drawbacks, for instance, smaller clear 
waterway and a higher cost when there are two spans; 

(b) That transporter bridges, which are appropriate for 
pedestrians, are not suitable for vehicle traffic; 

(c) That double leaf bascule bridges are to be preferred to 
single leaf ones and even to vertical lift bridges when 
traffic is relatively intense; 

(d) That the interference which a bascule bridge can cause to 
the traffic, generally less important than those due to urban 
signals, do not justify the construction of high bridges or 
tunnels when, as it is generally the case, their cost is much 
higher, except when the sea traffic is very heavy or when 
the land traffic has special characteristics (for instance, the 
underground railways) . 


The author thinks that tunnels with entrance lifts have not an 
important advantage for land traffic. These structures are only 
of value for urban regions and port regions and, above all, for 
the normal conditions of the Spanish ports. 

Operation costs of the different types of movable bridges do 
not vary much from one type to the other. They vary between 
10,000 and 70,000 pesetas a year. 

The author gives in his paper the general characteristics of 
different movable bridges existing in the Spanish ports, and of 
the unique high bridge recently constructed at Predorido and of 
the transporter bridge of Bilbao, rebuilt in 1941. He also gives 
the characteristics of the ferries which are under construction, 
for the crossing of the Straits of Gibraltar. 
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United States 


Mr. G. B. Pillsbury presents a well informed communication, 
that he had prepared for the Congress which was to be held in 
Berlin in 1940, and which gives, in the field of civil engineering, 
the conceptions and current ideas of the time when it was written. 

In the first place, the author analyses in detail the different 
factors which can have an influence on the means of crossing by 
bridges or tunnels, in ports or on maritime canals, basing his 
considerations on different important structures which have been 
built in the United States. 

Referring to the height of the masts of the ships above the 
waterline, the author mentions different transatlantic ships which 
sail between Europe and America being more than 200-ft. (61 m.) 
high, and several cargo vessels with tonnages higher than 30,000 
T., the masts of which are 50 m. Few cargo boats have less than 
30 m. 

The author concludes that in view of the increase of the 
dimensions of the ships involved in the world traffic, it seems not 
to be acceptable nor practicable to fix limits to the headrooms in 
the crossings of ports by a land traffic route. 

Comparing the cost of the different means of crossing, he con- 
cludes as follows: when the cost of installation increases, less 
money is spent on operation and the hindrance to traffic is lessened 
in the following order:— 

(1) Ferries.—They bring no limitation to the sea traffic, now 
or in the future, and their initial cost is less. On the other 
hand, the maintenance cost of the ferries is higher than 
that of any other means of crossing. The delays and un- 
certainties of the crossings are prejudicial to the land 
traffic. Where ferry traffic is very heavy, the difficulties 
in navigation of big ships are increased, hence risks of 
collisions. Therefore, bridges are more economical when 
traffic becomes important, 

(2) Transporter Bridges.—The cost of installation lies between 
that of ferries and of movable bridges and the advantages, 
in regard to road traffic, are also between the two systems. 
Because of the narrow field of application, few transporter 
bridges have been built, 

(3) Movable Bridges.—The cost of a bridge of this type 
generally exceeds that of the installation of a ferry or of 
transporter bridges, but is lower than that of a fixed bridge 
or a tunnel, except when the sea-traffic has characteristics 
which require very big movable spans. 

Comparing the advantages and disadvantages of the 
different types of movable bridges, the author considers 
that double leaf bascule bridges are the more convenient. 

(4) High Bridges.—Considering the extent to which both sea 
and land traffic are facilitated, the author considers that a 
high bridge, or a tunnel, of appropriate dimensions, js the 
only acceptable means of crossing, when both traffics are 
heavy. A high bridge with an adequate clearance vertical 
and horizontal will only impose a limitation to the traffic 
of the future heights of the vessels which will make use 
of the sea port waterway. 

(5) Tunnels.—They only can bring a limitation of traffic to 
future draughts of vessels. Tunnels are generally more 
expensive than high bridges and their maintenance cost, 
ventilation, etc., is relatively high. In special cases the 
navigation clearances required, or the rights of way for 
the approaches to a bridge over highly developed urban 
property, may render a tunnel the preferable alternative, 
especially for a crossing for electrically operated trains. 

Notwithstanding, in normal conditions, a high bridge is less 
expensive than a tunnel. 


France 


Messrs, E. Naud and J. Prempain present a remarkable com- 
munication on different structures for the crossing of sea port 
canals and maritime canals, recently built in France. From this 
interesting paper it is seen that, as a consequence of the dis- 
appearance of sailing boats, there is a tendency towards the 
reduction of the headroom. In France, the headroom is fixed 
after the advice of a Nautical Commission has been taken. 


No absolute rule can be given concerning the choice of the dif- 
ferent means of crossing, which depend upon local conditions. 

Summarising the remarks of the authors on the different ways 
of crossing, we must conclude that ferries are of little interest if 
we consider: the loss of time resulting from embarkation and dis- 
embarkation; the risks and delays resulting, in the part of the port 
used by sea going vessels, motor boats and port navigation; the 
drawbacks in the working of the quays of the port, which are a 
result of the building of the approaches of the ferry. 

With regard to transporter bridges, the flow of tratfic which they 
allow is not adapted to motor traffic. 

The minimum headroom of a movable bridge depends generally 
on the conditions of the land traffic-route, on the level of the 
adjacent quays, on the site and on the evacuation of floods. But 
it is desirable to establish the bridge so as to allow a free passage 
for small boats and port craft without interrupting the land traffic. 

The authors give a series of comparative studies concerning 
structures proposed in France, where different conditions are taken 
into consideration for the crossing of navigable waterways; the 
conclusion is that a high bridge is generally less expensive than 
a tunnel. 

As to experience resulting from the war, it has been revealed 
how precarious ferries are; they have been sunk and the fixed 
installations have been destroyed. Furthermore, the air raids on 
queues of cars which waited to pass have produced great destruc- 
tions of buildings in the vicinity. Most of the movable bridges 
have been destroyed. Suspension bridges were only slightly 
vulnerable to air raids. 

It can be thought that if the cables of the suspension bridges 
(for transporter bridges or permanent bridges) are given dimen- 
sions which are sufficient to preserve them from being cut by 
explosives and if the supporting towers are of sufficiently large 
dimensions, there will be no great risk, in the event of war, in 
constructing a permanent structure for crossing a sea port canal. 
It is also not desirable to build very light structures, which can be 
destroyed easily ashore or be dismantled. The authors give the 
following figures concerning destroyed bridges and tunnels in 
France by the war since 1940:— 


Highway bridges__.... 8.669 
Railway bridges ine: 5 3.051 
Railway tunnels vee 97 


Great Britain 


M. David Anderson, in his well ordered study, first analyses 
the problem of the headroom allowed to navigation and which 
will be imposed by the nature of the ships which use the canal 
or the port. If the sea traffic is composed of barges or small 
steamcraft, whose masts and funnels can promptly be lowered, 
a small headroom of about 30-ft. (9 m. 12) will be sufficient. If 
the traffic consists of sea-going vessels the headroom must be 
increased, In a table are given the headrooms for certain of the 
principal bridges of the world. The author says, that in some 
ways, it is difficult to foresee the headroom which will be required 
in the future. He thinks, however, that it is reasonable to admit 
that a figure of about 160-ft. to 200-ft. (48 m. 60 to 61 m.) repre- 
sents the maximum for ports used by big ships and that 100-ft. 
to 120-ft. (30 m. 40 to 36 m. 48) would be sufficient for the ports 
used by ships of the usual type. 

The question of the headroom of movable bridges, when they 
are closed, must carefully be studied and, although it is not pos- 
sible to give a definite figure, which depends much on local 
conditions, the author thinks that a headroom of 30-ft. (9 m. 12) 
would be sufficient. 

Referring to the cost of a high bridge, the author says that it 
depends on a certain number of conditions, principally the 
following:— 

) location; 

) type of bridge; 

) number of traffic lanes; 

) length of the approaches; 
e) size of spans; 

f) nature of the foundations; 
g) construction facilities. 
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He then analyses the influence of each of these conditions on 
the cost of the structure. A table gives the general particulars and 
the cost of certain high-level bridges built in Great Britain. 

As to movable bridges, he says that they have an advantage 
over high-level bridges, in being able to be built at the same level 
as the banks, and thus save the cost of long approaches, 

On the other hand, movable bridges interrupt the land traffic 
when they are open, and this may be so serious that their adoption 
is out of the question in certain cases. 

The particulars and the cost of movable bridges, either exist- 
ing or proposed in Great Britain, are set out in a table. 

Concerning tunnels, the author states that their cost depends 
on nature of ground, depth at which tunnel has to be located, 
length of inclined portions, diameter of tunnel, construction 
method (free air or compressed air construction), kind of lining, 
ventilation and drainage. 

Comparing the cost of a high bridge with that of a road tunnel, 
he says that the expenses for accommodation of the cyclists and 
pedestrians is in the first case relatively small, whereas, if the 


tunnel is increased in diameter in order to allow for pedestrians or ° 


if a separate tunnel is driven for this purpose, the cost will be 
very high. Generally the cost of a bridge is nearly always lower 
than that of a tunnel. 

Particulars and cost of a number of tunnels built or proposed 
in Great Britain are given. 

Referring to transporter bridges, the author thinks that they 
can hardly be considered as a bridge at all and that their working 
particulars partake of the nature of a ferry, suffering from the 
same limitations. Few have been built in the world. 

Particulars of the transporter bridges which have been built in 
Great Britain are given. 

As to ferries, the author considers that they suffer from the same 
drawbacks as the transporter bridges, namely, that they are limited 
in capacity and only afford an intermittent service. In addition, 
they are affected by weather and navigational difficulties, strength 
of current and depth of water. It is not advisable to make a 
comparison of cost between a ferry and a bridge or tunnel. 

In a table are set out particulars of some ferries in Great Britain 
and the cost of the land works (at pre-war prices). 

Comparing the costs of bridges and tunnels, the author gives 
the following data:— 

Cost per foot of 


traffic lane. Average. 
Movable bridges from £36 to £ 85 £ 70 
High bridges from £47 to £155 £ 96 
Tunnels from £80 to £220 £132 


and thus concludes that, generally, the cheapest method of cross- 
ing is provided by a movable bridge, a high bridge being next in 
cost, and a tunnel the dearest method. 

But, the author reminds the reader that a tunnel has an almost 
unlimited period of life, whereas that of a bridge is comparatively 
limited. Comparing the cost of maintenance and of operation of 
the different types, the author concludes: the cost of maintenance 
of a high bridge is confined almost entirely to periodical repaint- 
ing. In the case of movable bridges, in addition to maintenance, 
there has to be added the working cost and that of the staff looking 
after the operating mechanism. Expenditure on a movable bridge 
at post-war costs will vary from about £5,000 to £10,000 per 
annum, 

The maintenance cost of the Mersey Tunnel of Liverpool is 
about £60,000 per annum. 

As for the experience resulting from the war, the author states 
that both classes of structures (bridges. and tunnels) have proved 
resistant to the effects of warfare. Bridges have proved very dif- 
ficult to hit and, as a rule, it has been possible to repair them 
quickly and economically. Tunnels, owing to their depth below 
ground, have stood up to bombing. Any damage to the open 
approaches can readily be made good. The author is of opinion 
that, on the whole, tunnels are less likely to be damaged in times 
of war than bridges. 

Italy 


Messrs. A. Agostini and A. Strongoli deal in the first part of 
their communication with the headroom of under-bridges which 





cross ports or navigable canals and think that they may concl .de 
that this headroom has always been more than 40 m. They sp-ak 
of a ruling of the United States Navy by which that headroom 
is 135-ft. (41 m. 75). 

Taking into account the maximum height of masts of exist ng 
ships which nears 60 m., the figure is higher and thus a headroom 
of 70 m. must be considered, which was the tendency at the 
XVIth Navigation Congress. 

In the second part the authors describe an interesting mova le 
bridge which has been built on the Fiumicino Canal, the vertical 
lift bridge which is 32 m, 20 wide and another existing on the 
Tarente canal, which is a swing bridge with two spans allowing 
a total clearance of 59 m. 40. They refer also to a rough study 
in order to solve communication difficulties between the two parts 
of the town of Tarente and its railway station, by means of a 
tunnel, the cost of which has been valued in 1941 at 65,000,000 
lires. This study has been made in order to give reliable data on 
the relative advantages of building an undersea tunnel or a 
movable bridge, which would replace the existing swing bridge of 
Tarente. 


Netherlands 


Messrs. J. P. van Bruggen and W. J. H. Harmsen, in their 
communication, give the requirements of urban and suburban 
roads imposed by the recent development of motor traffic, This 
requires a careful study of the problem of the crossing of land 
traffic-routes with important navigable waterways. 

According to the authors, the ideal solution would be that 
one which allows for a circulation without any restriction of both 
traffics. This solution would require the building of a high bridge, 
at a level which would permit the passing of ships with very high 
masts, or of a tunnel dug deep enough to allow navigation of ships 
of great draught. Solutions of that kind are, of course, very 
expensive and should only be adopted when land traffic and sea 
traffic are very heavy. 

They state that the highest mast is 69 m. (Caledonia ex. 
Majestic). They draw attention on what was said by Mr. C. E. 
Grunsky, in a lecture at the American Society of Civil Engineers 
(‘‘ Civil Engineer,’’ March 1932), with regard to the maximum 
mast height to be fixed on international basis; Grunsky advises 
175-ft. (53 m. 20) as maximum figure. , Nevertheless, the authors 
state that there are a great number of ships with masts higher 
than 53 m. ‘They give in their communication a list of the 
principal bridges with their different headrooms; amongst them 
six have a headroom equal to or greater than 60 m. As to the 
depth of the tunnels, they say that it depends on a draught of the 
biggest ships using the port and give the example of the trans- 
atlantic Queen Mary, with a draught of 11 m. 90. 

When the traffic is less important on the road than on the 
waterway, or vice versa, a movable bridge may be the solution; 
local circumstances must determine how the bridge must be used. 

As to ferries or transporter bridges, they only suit where the 
road traffic is not heavy. The crossing capacity of a ferry is 
limited and depends on its dimensions, on the equipment of the 
landing stages and the duration of the crossing, which itself 
depends on the length of the distance to be crossed and of the 
intensity of the sea traffic. 

The authors give a very interesting economic study concerning 
the choice of a means of crossing the two riverbanks at Rotter- 
dam, where only a high bridge or a tunnel could suit. Com- 
parison between the installation and maintenance cost, and the 
financial burden resulting from the lengthening of the passage, 
have led to adoption of the tunnel. The proposed high bridge 
consisted of a very interesting suspension bridge, in which the 
greater part of the length of the approaches was realised by means 
of a road going screw fashion on the supporting towers. Another 
example given by the authors is that of Velsen, on the Northsea 
canal, where a tunnel has also been adopted. 


Sweden 

Mr. K. A. Fréman gives in his communication particulars of 
Swedish ports. 

Referring to the headrooms required by cargo ships, he gives 
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the following relation between draught and headroom which, 
according to him, is satisfactory. 


Maximum Draught Maximum Headroom 


in Metres of Bridges in Metres 
between 3 and 5 26 
between 5 and 6 30 
between 6 and 7 35 
between 7 and 9 40 


For ships of more than 9 m. draught, headroom 40 m. 50. For 
passenger-ships and men of war, these figures would not be suf- 
ficient; according to investigations made at the Port of Stockholm, 
the headroom ought in that case to be approaching 55 m. 


Conclusions 
From the interesting communications presented at the Congress, 
of which we have given a summary and which show the high 
competence of their authors and basing ourselves on studies pre- 
sented at other Congresses and written by specialists, we think 
we May conclude: 


(1) Minimum Headroom. 

It is not an easy matter to determine a priori what headroom 
should be allowed for bridges which cross ports or sea port canals; 
it depends, fundamentally, on local conditions, on the particulars 
of the ports concerned, and on the nature of the sea traffic which 
uses them, Sometimes specialists, consulted on the headroom to 
be allowed by the crossing of a given port by a land traffic route, 
do not agree as to the figure to be adopted. This was, for in- 
stance, the case for the bridge of S. Francisco, Oakland. 

The Shipowner’s Association of the Pacific Coast, consulted on 
this question, wished the headroom to be 250-ft. (76 m.). Mr. 
C. E. Grunsky, Consulting Engineer of the Port Administration, 
proposed max. 175-ft. (53 m. 20). The Port Administration, in 
agreement with the authorities of the Navy, having fixed 214-ft. 
(66 m.) as maximum headroom. 

If we take into account that certain ships have masts of nearly 
70 m. (‘‘ Majestic,’’ ‘‘ Rex,’’ etc.) it would not be exaggerated 
to admit that nowadays this figure ought to be the minimum for 
the headroom in ports used by these ships. 

One might ask oneself, what future naval architecture will be? 
To what extent it is possible to reduce mast height by the use 
of telescopic masts? Further, would it be possible to. reduce the 
height of funnels, commander bridges and decks? We note that 
the height of the funnels of-the ‘‘ Majestic ’’’ is nearly 160-ft. 
(48 m. 60) above the waterline. All this shows the complexity 
of the problem of fixing the minimum figure for the headroom. 

As it is, in spite of all, necessary to suggest a figure, it seems 
reasonable, in the present circumstances, to suggest that it should 
not be less than 70 m. for ports with heavy land and sea traffic, 
and which are used by the biggest ships in the world. This, as 
a matter of fact, is the tendency which has shown itself at the 
XVIth Navigation Congress. 

For other less important ports, used by the bigger part of the 
merchant navy, the big transatlantic ship excepted, the headroom 
could be reduced and could be about 50 m. 

In fishing harbours, interior ports, for coastal navigation this 
headroom could be opproximately 20 m. 

Movable bridges should have, when they are closed, if possi- 
ble, a minimum headroom of 10 m. 

All these figures should, however, be corrected and definitely 
fixed, after a careful economic study has been made for each 
special case, 


(2) Comparison of cost of installation and operation of a high 
bridge, movable bridge, tunnel, transporter bridge and ferry, 
with due reference to the limitations severally imposed by 
them on land and water traffic. 

The comparative cost economics will vary according to local 
conditions of each case, However, it is generally stated that the 
total cost decreases in the following order:— 

(1) Tunnels; 
(2) High bridges; 
(3) Movable bridges. 

It seems that it may be said also that in the case of movable 

bridges, double leaf bascule bridges are the most advantageous, 


then come vertical lift bridges, and last, swing bridges. 

As to cost and maintenance of transporter bridges and ferries, 
we think that they cannot be compared with tunnels, nor bridges, 
owing to the different operation pariculars which they possess 
and the small facilities they offer for the flow of traffic. 


(3) Experience resulting from the war. 

Crossing by ferries is precarious. 

It seems that it can be admitted that tunnels and suspension 
bridges are structures which are the least vulnerable to the effects 
of war. In the case of suspension bridges, the cables and sup- 
porting towers ought to be strongly built, in order to resist any 
attempt at destruction by explosives. 

The desirability of not building light structures, which are easily 
destroyed or dismantled on land, has been put forward. 


SECTION II.—OCEAN NAVIGATION. 
Fourth Communication, 
Penetration of waves and swells into harbours. 
Means of predicting them and limiting their action. 
Reference to model experiments. 


GENERAL REPORT* BY M. VIRIATO CANNAS 
Ingénieur Inspecteur Supérieur des Travaux Publics, Lisbon. 

All harbour schemes should be preceded by careful study of the 
characteristics of the swell and probable waves during storms 
liable to attack a given place; of the deformation which the waves 
undergo on approaching coasts; of lateral expansion of waves 
inside ports; of the possibilities of reflexion and interference. 

Knowledge of the characteristics and of the deformation of the 
swell and waves is necessary to judiciously select the most suit- 
able siting and orientation of the harbour entrance and the most 
adequate type of works. That of lateral expansion is indispensable 
if we are to adopt dispositions capable of weakening the energy 
of waves which, in spite of all the means used, still penetrate the 
zone to be protected. That of the possibilities of reflexion and 
interference is also important in order to predict zones of strong 
localised rough water. 

The characteristics of the swell and tempest waves can be 
ascertained either directly by making observations of the height, 
length and speed of waves in the offing and at the place where it 
is planned to erect a protection-structure, or indirectly by using 
empirical formulas. The former process can rarely be used, be- 
cause the requisite observations are difficult to make and if they 
are to be complete and adequate, they must extend over a large 
number of years, say 40 or 50, which is rarely possible. The latter 
cannot always be used because, as the formulas have been estab- 
lished for particular cases, the results are sometimes inacceptable. 

The study of the deformations which the waves undergo as they 
advance over the coastal platform or shelf has been made in a 
purely mathematical manner which, admitting the hypothesis of 
the trochoidal shape of the wave during the whole time it travels 
—which does not seem to be confirmed—does not give a perfect 
knowledge of the phenomenon. 

The lateral expansion undergone by waves in the harbour, 
after having passed the head or heads of the moles, results in a 
change of the plane shape of the crests and trajectories of the 
waves and by a loss of height of the waves themselves. A plane 
diagram of the crests can be obtained by a process similar to that 
of Huyghens; a diagram of the variation in height is not possible. 

Reflexions and interferences are phenomena of which we only 
know a few of their effects. 

At the end of the last century, hydraulic laboratories began to 
be used for the study of various harbour problems, but it was 
only recently that the use of reduced scale models became 
generalised, which, however, has proved of great practical value. 
These studies require a previous knowledge of wave characteristics. 

Ten papers have been submitted to the Congress on the sub- 
ject of the 4th Communication of Section II; this number shows 
the great interest taken in such an imporant question. Their 
authors are: 


Messrs. L. Bonnet and J. Lamoen (Belgium); Messrs. Jorge 


~ *Much abridged, 








Lira Orrego and R. Santander (Chile); Messrs, Ramon Iribarren 
Cavanilles and Casto Nogales y Olano (Spain); M. Larras 
(France); Messrs. Jack Allen and M. William Halcrow (Great 
Britain); Messrs. Alfred Camanzi and Hermann Teuschl (Italy) ; 
Messrs. J. Th. Thijsse and J. B. Schijf (Holland); Carlos Krus 
Abecasis (Portugal); Messrs. Harris Epstein and F. C. Tyrrel 
U.S.A.). 

' The : presented deal with: 

(a) Production, growth and propagation of waves; deform- 
ation of waves on approaching coasts; their deadening by 
lateral expansion; consequences of reflexions and inter- 
ferences; 

(b) Shelter-works most efficacious for preventing penetration 
of waves inside harbours; inside dispositions for lessening 
rough water; phenomena of reflexion and interference 
and means of combating them; 

(c) The part played by tests on reduced-scale models for the 
study, enlargening or the improvement of ports. 

From a study of all the papers submitted, it is possible to form 
the following conclusions:— 


A.—Penetration of Swell Into Harbours 
I.—Prediction 
1.—Outside. 

The present methods shown regarding production, growth and 
propagation of waves show considerable progress over those used 
hitherto, Although they do not supply a complete solution of the 
problem, mainly as regards: 

(a) Variation of the dimensions of waves; 

(b) Use of the trochoidal form, even when wind still exerts 
its action; 

(c) Ratio between the stiffness and other properties of waves; 

(d) Leaving out of account of inner frictions in the balance 
of energies, they nevertheless permit, if one ‘has the 
requisite meteorological and hydrographical data:— 

(1) Prediction, with reasonable approximation, of the 
probable dimensions of waves from various direc- 
tions; 

(2) Knowledge of the topographical influence of the coast 
and disposition of the isobaths on waves— 

and hence, judicious selection of site and orientation of a harbour 
mouth. 


2.—Inside, 

Considering the property waves have, of revolving round an 
obstacle, it is impossible to completely prevent rough water 
penetrating into the zone to be protected. This rotation, being 
accompanied by lateral expansion, ends in a loss of height of 
waves and, consequently, loss of energy. 

A plane diagram of crests of waves can be established in a 
comparatively simple manner, but variation in height cannot be 
determined, except in a qualitative manner, as the methods pro- 
posed for determining it do not appear to have an uncontrovertible 
physical basis. 

In any case it is necessary to weaken, by some means, the energy 
of waves which penetrate, in such a manner that they cause 
neither inconvenience nor damage, or at any rate that they be 
reduced to a minimum. 

For this purpose, the means that can be used are:— 

(1) Destruction by breaking; 
(2) Deadening by friction; 
(3) Weakening by expansion. 


3.—Reflexions and interferences. 

The phenomena produced by reflexions and interferences are 
complicated, sometimes causing great inconvenience to vessels 
moored in harbours. In basins of a regular shape, phenomena of 
resonance sometimes occur, the result being that oscillatory 
movements are much amplified. 

It is necessary that these questions be studied further, especially 
as regards degrees of reflexion by slopes and the ratio existing 
between the lengths of a wave, depth of water and dimensions of 
the sheltered basins. 

In all cases, in ports one should avoid vertical walls, too steep 
slopes, regular forms and sudden changes of depth. 
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II.—Means of Combating 
1.—Outside. 


I.—The most efficacious means of preventing swell from 
penetrating into harbours is to reduce all swell at the entrance, 
Thus, one would seek to: 

(a) Build ports in the most sheltered sites of bays; 

(b) Avoid too deep or too wide entrances; 
(c) Avoid very permeable or low structures, except in special 
cases; 
Eventually protect the entrance, properly speaking, of 
a harbour by an outer harbour. 


In spite of all measures which one may take, it is impossible 
to completely prevent penetration of swell into harbours. It may 
be aggravated by reflexions and interferences caused by the shock 
of waves against vertical quay walls, walls and other works, or 
against slopes that are still capable of reflecting waves. One 
should also adopt dispositions which can destroy or reduce the 
energy of waves that have entered, or which do not cause re- 
flexions. For that, it is necessary: 


(1) When there is an outer harbour, to reduce as much as 
possible the width of the entrance to the inner basin; 

(2) To cut, in any possible way, the water plane by creating, 
for instance, successive widenings and narrowings; 

(3) To maintain old beaches or reefs inside ports, especially 
near the entrances; 

(4) To preserve rough bottoms and slight depths inside 
harbours; 

(5) To site quays in places not reached by waves or, when 
that is not possible, to adopt types of works that are not 
liable to cause reflexions; 

(6) To construct breakwaters with slopes having a slight 
inclination, in the most exposed places inside a harbour. 


il.—According to the layout of shelter-works outside, swell 
inside can be lessened: 


(d 


—- 


(1) In ports whose protective works consist of a main jetty 
parallel to the coast and a second one at right angles to 
the shore: 

(a) by siting the main jetty at a right angle to the mean 

direction of the spread of swell; 

(b) by placing the entrance at an angle of less than 30°, 

behind the extremity of the main jetty. 

(2) In ports whose protective works consist of two parallel 
jetties, at right angles to the shore: 

(a) by avoiding construction of openwork jetties when- 
ever the conditions—often imperative—of accretion, 
winds or currents allow it; 
by slightly prolonging the jetty nearest the wind, 
as compared to the other; 

(c) by reducing spacing of jetties or the depth of water 
in the channel as much as possible, taking into 
account the volume of water to be run off or the 
requirements of navigation. 


(3) Harbours which, as a rule, lend themselves best to 
reducing swell inside, are those having converging 
jetties. 


(b 


~— 


B.—Laboratory Tests 


Laboratory tests on reduced scale models are of great practical 
use because, when carried out on a suitable scale, they enable 
a judicious comparison to be made between the various studies, if: 

(a) One knows the characteristics of the most violent storms; 

(b) Configuration of the depths is reproduced with com- 
parative precision, at least equal to soundings on the 
real scale; 

(c) Suitable drainage of the model be made; 

(d) Regularity and purity of the swell is constantly verified 
on the model, making strict controls by means of precision 
apparatus, to see that there are no parasite reflexions 
either on the swell-generator or on the edges of the model; 

(e) One does not restrict the study of propagation of swell to 
a single tidal height, nor only to a few directions and 
lengths of waves. 
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Fire Prevention in Ships in Port 





Excerpts from Report of Working Party 


The report of the Working Party on Fire Prevention and Fire 
Fighting in Ships in Port, set up by the Ministry of Transport in 
1948 has now been published (Stationery Office, 9d.). 

At the start of their report the Working Party state that experi- 
ence shows that the risk of fire is one which is constantly present 
in ships in port, and that since the war, in addition to numerous 
smal] fires, serious fires have occurred in ships in port undergoing 
repairs, e.g., the Empire Waveney, Empress of Russia, Monarch 
of Bermuda and Praque. In each of these cases the fire got out 
of control and the ship became a constructive total loss. 

The loss of such valuable tonnage and the enormous amount 
of work involved in repairing the damage, plus the loss of the 
earning power of the ships themselves, constitute a serious blow 
both to the shipping industry and the nation. In order to see 
what could be done to prevent such happenings in future it was 
decided between the Home Office and the Ministry of Transport 
that a small Working Party—should be formed with the following 
terms of reference: ‘‘ To consider and make recommendations 
for circulation to all interests concerned on the fire-prevention and 
fire-fighting arrangements to be observed in connection with ships 
in dock and harbour areas and in shipbuilding and repair yards.’’ 


Causes of Fires 

Dealing with the causes of fire, the report states that many fires 
in ships can be attributed to careless practice, such as the use of 
burning and welding apparatus (which statistics show to be the 
greatest single cause ot fires) without heed to what may be on 
the opposite side of the plating, or to faulty temporary electric 
equipment. Other examples of careless practice are the indis- 
criminate throwing away-of lighted cigarette ends, and the failure 
of patrolmen to carry out a proper patrol. 

The major supposed causes of fires in ships in port in the United 
Kingdom during the years 1946-1948 were : 

1946 1947 1948 


Burning and welding apparatus ... 104 120 130 
Smoking materials and matches ... hej 24 46 32 
Stoves (including galley stoves) and stove 

flues ate ae ve a 36 13 16 
Electric wire and cable, etc. ... ae 16 18 22 
Other causes xe Rene. tee ose 68 90 102 





248 287 302 

The initial danger of fire and its subsequent spread is very much 
greater in passenger ships than in cargo ships. While the danger 
of fire during the later stages of construction is considerable, 
especially in large passenger ships, it is even greater in ships under- 
going major repairs. 

In a new construction. the danger of fire is principally in the 
post-launch period, and arises from welding much more than from 
burning, the latter being more restricted in its application. In the 
early stages of major repairs and conversions danger arises more 
fom the burning down of defective portions of the structure or 
parts of the ships to be modified, but as new structures and fittings 
are introduced the greater danger arises from welding. In burning 
danger arises from showers of sparks and beads of molten metal, 
and the reverse side of a deck or bulkhead should always be in- 
spected, before and during burning operations, by a fireman or 
other employee. Many minor fires are caused when pipes, han- 
gers, clips, etc., are being welded to the underside of a deck, and 
flying sparks frequently alight some distance away on combustible 
material. 

Dangers of Smoking 


There is no doubt, that smoking gives rise to serious fire risks 
on board ships under repair or refit and in ships under constrnc- 
tion, particularly when nearing completion. The causes of fires 
which assume major proportions cannot always be determined 
with certainty, and it is the view of the Working Party that many 
such fires are caused by a casual cigarette end—a conclusion which 
cannot be directly derived from statistics. Although some yards 
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permit smoking, the general rule is that it is forbidden in ships 
in tne later stages ot construction and under repair. While total! 
prohibition is a counsel of perfection which is very difficult to 
enforce, smoking is a menace which ought to be prohibited except 
in places where, in the opinion of those responsible, there is no 
appreciable risk of fire. 

Fires caused by stoves (including galley stoves) and their flues 
numbered 65 during the years 1946-1948, and in many instances 
the cause was the sooting-up and overheating of the stove flues 
and funnels, which in turn set fire to adjacent woodwork. 

Fires having an electrical origin are more likely to arise where 
ships’ cables may have been previously overloaded and insulation 
has deteriorated, and where the work of repair on electrical cir- 
cuits is being carried out by men not familiar with the arrangement 
of the cables. In new ships and ships under repair the dangers 
from the use of temporary electric light circuits arising from such 
causes as worn or damaged insulation, chafing of cables through 
doorways, portholes, etc., and unauthorised interference by work- 
men, make it very desirable that all temporary wiring should be 
restricted to that necessary to the proper progress of the work and 
should be removed as soon as possible. 

Outbreaks originating in cabins, passages and public rooms 
account for many of the fires in ships and are the type most likely 
to develop into the fire which gets out of control. It cannot be 
too strongly emphasised that shavings and all such combustible 
materials should be constantly swept from these spaces. In ships 
nearing completion and in ships undergoing major repair surrep- 
titious smoking takes place in these places, and this is a greater 
risk even than electrical faults, welding and burning. 


Preventive and First Aid Fire-fighting Measures 

With regard to preventive and first-aid fire-fighting measures, 
the Working Party state that it is essential that close liaison should 
exist at all times between dock authorities, shipowners (or man- 
agers), ship-repairers (for builders) and the public fire brigades. 
To safeguard a ship against fire and to ensure that, should a fire 
occur, it can be attacked without hindrance, the following steps 
should be taken : 

(i) Wharves in the vicinity of the ship and open spaces on 
the ship itself should, as far as practicable, be kept clear. A 
clear road to the wharves and access to water should so far as 
possible be maintained. 

(ii) The hydrants in the dock area or repair yard and on 
board ship should be kept clear and their positions made con- 
spicuous and known to all who may be called upon to assist 
in fighting fire. 

(ii) In very cold weather precautions should be taken to 
prevent hydrants from becoming frozen. 

(iv) When work on a passenger ship finishes for the day, it 
is important that gangway doors, skylights, portholes, windows, 
etc., should be closed wherever practicable. It is also impor- 
tant that, consistent with the need for efficient patrolling, water- 
tight doors, fire doors, etc., should be kept closed. As far 
as practicable hatches should be covered, and asbestos curtains 
where provided should be in position. By these means draughts, 
which materially help the spread of fire, will be kept to a mini- 
mum. The closing of openings in the ship’s sides is also impor- 
tant for stability reasons. 

(v) In ships nearing completion and in ships undergoing 
repairs the retention on board of stocks of inflammable material, 
e.g., timber, paint, staging and bales of cork should be avoided 
as far as possible. 

(vi) The dock or harbour authority should inform the pub- 
lic fire brigade of the arrival of any ship carrying cargo which 
constitutes a special fire risk 


Need fer Efficient Patrols and Watchmen 


The report points out that experience clearly shows that unless a 
fire in a passenger ship is detected and controlled in its early stages 
the chances of a ship being saved from gutting are small. The 
circumstances in which some fires have occurred in the past indi- 
cates that the patrolling of the ship was not carried out as effec- 
tively as it might have been. It is essential that an effective patrol 
should be maintained, during both working and non-working 








hours. The men so employed should be physically and mentally 
suitable for the job, and above all reliable, and should receive 
training in extinguishing incipient fires. 

The employment of watchers is the surest way of preventing 
fires resulting from the use of burning and welding apparatus, and 
unless it is quite clear that there is no risk of fire, a watcher with 
the necessary materials to extinguish incipient fires should be 
stationed on the opposite side of the plating to that on which 
burning or welding is in progress. Delayed fires resulting from the 
use of burning and welding apparatus are a considerabie risk, and 
the area of the ship adjoining such work on both sides of the 
bulkhead or deck should be inspected frequently for at least two 
hours after work has stopped. Even after this period the risk of 
fine should not be overlooked. With regard to electrical risks con- 
stant and careful attention must be paid to temporary wiring laid 
to ships, from shore, in order to avoid the risk of fire from cables 
shorting or being overloaded. 

Steps should be taken to prohibit smoking by workmen except 
during mea] time; even then, it should only be allowed in places 
where, in the opinion of those responsible for the ship, there is 
no appreciable risk of fire. Workmen should not have their meals 
on board ship if this can be avoided, since the use of heating 
apparatus of one sort or another and smoking during meal hours 
add to the danger of fire. A metal plate of adequate size and 
thickness should be placed under a portable furnace or other fire 
in use on wood or composition decks. Riveters should be 
cautioned that the discarding of hot rivets and the indiscriminate 
throwing away of hot ashes is a source of danger, particularly 
when work stops. A metal receptacle should be provided for the 
purpose. 

Fixing Responsibility for Fire Prevention 

On the question of responsibility, the report continues, in ships 
under construction the responsibility for fire-prevention and initial 
fire-fighting measures rests entirely with the shipbuilder. In all 
other cases it remains the shipowner’s responsibility throughout, 
unless and until he delegates that responsibility, in which event 
there should be a clear agreement between the shipowner 
and shiprepairer. Divided responsibility must always be avoided; 
it can only lead to confusions, and has been the main cause of the 
disastrous results of some fires. It is strongly recommended there- 
fore, that in relation to ships undergoing major repair there should 
be a clear (preferably written) agreement between the owners and 
repairers concerned setting out in precise terms where the respon- 
sibility for fire protection lies. 

Regarding the possible capsizing of a passenger ship on fire by 
the addition of top weight through the flooding of upper decks 
and compartments, the Working Party are strongly of the opinion 
that the consequences of endangering a ship’s stability through the 
intake of large quantities of water are so grave, and raise issues 
so far beyond the competence of the fire service accurately to 
assess, that the decision to stop pumping in order either to prevent 
capsizing or to allow the ship to be moved away must always rest 
with the appropriate dock or harbour authority. 


Conclusions 
In conclusion, the Working Party state:—‘‘ Our investigations 
have led us to the conclusion that, while there is no single or simple 
solution to the problem of fires in ships in port, there are three 
factors which in the aggregate are of major importance and due 
attention to which will keep the risk of such fires to a minimum. 

‘“‘ These three factors are:— 

(1) The establishment of clearly defined instructions and 
practices dealing with fire-prevention and fire-fighting, and 
their strict observance by all responsible for ships in port. 

(2) The employment of the right type of man as patrolman. 

(3) The promotion and maintenance of goodwill on the part 
of shipyard managements and workmen in preventing fires. 

‘“‘ It should be the aim of managements to make themselves and 

their staffs fire conscious, training themselves constantly to seek 
out and check any laxities and defects in their organisation and 
arrangements and on the part of the workmen which may occur 
from time to time. Unsparing efforts should be made to improve 
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existing fire precautions and to devise new methods. Test alarms, 
preferably atter working hours, and tests of individual capacity 
im an imagined emergency shouid be arranged periodicaiy to 
maintain the alertness and efficiency of patrolmen and yard fire- 
men. Workmen should be encouraged to acquire a sense of 
responsibility in the matter of fire precautions. 

‘* Conclusions such as these may seem to be obvious and 
elementary. This is by means the view of the Working Party, 
The failure to observe the simplest precautions against fire is 
undoubtedly responsible for many incidents, involving cost t» the 
nation which cannot be measured in terms of money and materials 
alone; it is for this reason that we stress in our conclusion that 
only by constant vigilance can the risk of fires in ships in port be 
minimised. 

‘‘ Throughout this report general emphasis has been laid on 
the precautions to be taken in passenger ships and cargo liners, 
and our recommendations are based on what we consider 
necessary for such vesseis. To a greater or less degree, however, 
the risks are present in all vessels. The conclusion and recom- 
mendations contained in this report are therefore generally valid 
for all ships. Tankers and other ships carrying dangerous cargoes 
will, of course, have to comply with any special regulations which 
may be in force in addition to observing the precautions recom- 
mended in our report ”’ 








Mechanical Stacking of Coal 


Description of New 50 ft. Machine 


An interesting development in the design of coal-stacking 
machinery is a new coal stack with a 50-ft. conveyor, capable of 
stacking coal at the rate of 80 tons per hour. 

Despite its very large size, it has delivery heights ranging from 
12-ft. to 30-ft., it is highly mobile, one of these machines being 
towed 160 miles in 12 hours. It handled very easily on the road, 
the journey being completed without any trouble. An interesting 

















feature is the swivelling axles of the road wheels enabling the 
machine to travel at right angles to its normal direction of travel. 
In stock yards the stacker is easily towed by a mobile shovel. 

Height adjustment is by power-operated hydraulic jacks, which 
operate smoothly and quickly, the time taken to raise the 50-ft. 
conveyor from minimum to maximum height being only 60 seconds. 

Another feature is the feed hopper, which enables the shovel 
driver to tip without taking careful aim, thus increasing the 
number of tips he can make per hour. 

All running parts are fitted with ball or roller bearing and 
diesel or electric drives can be fitted as required. 

This is a very strong machine built to do a heavy job of work 
under the worst conditions and is the latest product of Crone and 
Taylor Ltd., of St. Helen’s, who have specialised in the design 
and manufacture of this type of materials-handling equipment dur- 
ing the last twenty-five years. 

At present the machine is being used in coal yards, but we 
understand that already enquiries have been received from dock 
and harbour authorities in the United Kingdom, and it is hoped 
that it will also prove of value in the export market. 
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Correspondence 


Sir, To the Editor of The Dock and Harbour Authonty. 
Abandonment of Canals and The Inland Waterways Association. 

Aiter Mr. Rolt’s letter it was refreshing to read the authorita- 
tive views of Mr. W. Fraser with which I heartily agree. 

1. Mr. Rolt lays it down that ‘‘ no waterways can be con- 
sidered in isolation.’’ Mr, Fraser described what happened when 
the Directors of the Trent Navigation Company considered theirs 
in isolation! 

2. Mr. Rolt mentioned those individual carriers who “‘ have 
even advocated abandonment...’’ As one of such carriers I 
estimate that more than £80,000 per annum could be saved by the 
abandonment of certain canals which come under Category 3 in 
the admirable and thought provoking paper recently given by 
Brig.-General Sir Osborne Mance. 

3. The particular canals I have in mind are: 

(a) Already virtually derelict, having little or no commercial 
traffic and little or no traffic potential. 

(b) Seemingly incapable of being economically reconstructed 
to permit the passage of efficient estuarial-type craft. 

4. The money thus saved by these abandonments should then 
be invested in those improvements advocated to the Docks and 
Inland Waterways Executive by canal carrying operators and 
others connected with the industry. 

5. By all means “‘ let us make public and Parliament water- 
way minded now ”’ as Mr. Rolt exhorts. I think, however, it 
can be fairly stated that Mr. Rolt represents an Association whose 
individual membership is largely composed of owners or hirers 
of pleasure craft and that their ‘‘ policy ’’ is conducted by well- 
intentioned enthusiasts whose knowledge of the waterway industry 
is more theoretical than practical. So when he says ‘‘ let us make 
the most of our waterway assets now ’’ I fear he is unable to dis- 
tinguish between the assets and the liabilities. 

Harker House, Yours faithfully, 
Knottingley, Yorks. G. L. LYON. 
14th February, 1950. 


To the Editor of The Dock and Harbour Authority. 


Dear Sir, Model Experiments of Belgian Ports 

Many whose time has been spent on wrestling with high costs 
of dredging must be attracted by the wide and interesting model 
experiments of Messrs. L. Bonnet and J. Lamoen reviewed in the 
issues of ‘‘ The Dock & Harbour Authority ’’ for October, No- 
vember and December 1949. We need more of these experi- 
mental trials, because even with the differing views on distortion 
of scale the problems are frequently so complex that satisfactory 
solutions can only be resolved by model investigation. 

Messrs. Bonnet and Lamoen have shown us what takes place 
at Zeebrugge with clear water, and also separately with decanted 
mud on a model having as its principal deterrent to free flow, the 
most famous mole in history which may be supposed to act as a 
groyne, the Zeebrugge mole. The chief attraction, which these 
experiments have for me is the shallowness of the water, the 
second, the symmetrical tendencies displayed, for instance in Figs. 
3 and 3a. 

It might be a natural impulse to remark that, given an enclosed 
harbour contained by two arms with a narrow entrance, immun- 
ity from the siltation problem would follow. This however is 
not the case. In an article contributed by me in a past number 
of your Journal, (‘‘ Hydrography from the Air ’’ p. 290, March, 
1949), the air photographs showed a symmetrical bank of sand 
with a shallow crown formed inside and near the entrance of the 
Boulogne Harbour; unmistakable evidence of the powerful decant- 
ing influence of eddies on silt bearing waters. 

In practical hydrography one is brought back to the question 
of the period of slack water. This is the period when the load 
of silt carried by the current falls to the bottom, or enters slug- 
gish areas receptive to silt. If, therefore, I have any difference 
on principles to suggest it is towards a revision of the assumption 
(p. 202 of your November issue), expressed thus “‘ Since the 
experimental method adopted was based upon the assumption that 
silting increases uniformly with time. If the depth is not appreci- 
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ably altered etc.’’ Experience shows that this is by no means 
the case in tidal streams where strong currents carry pebbles, 
sand, and silt up and down a coast, and deposit these materials 
when the current weakens, i.e., at slack tide. Here therefore, is 
a query on the time factor which, with its mathematica] tormule, 
is an integral part of model investigation. 

As a practical instance, the Port of London during the financial 
year 1949, removed from the docks, 1,678,041 cubic yards of mud 
which could only have gained access from the River Thames 
during slack tide, near high water, when tne gates were opened. 
I would suggest that all tidal model periods should be illustrated 
by an actual tidal curve of the period under demonstration show- 
ing the rise, fall, stand of high tide, low water slack with times 
and heights under study, and if necessary presumed direction and 
force of wind. A point to note is that owing to the flat characte1 
of the shoal waters which form the approaches to tne Low coun 
tries, they are considered to be unsuitable for harmonic tidal 
analysis and the equation method is to be preferred. This dis- 
covery arose from some inconsistencies in the tidal predictions 
contained in British Tide Tables by harmonic analysis. Where 
harmonic analysis can be adopted, great accuracy in prediction 
has been achieved in many harbours of Britain. 

Finally, allow me to add a word on how little we understand 
the static levels of sand banks in the North Sea and Straits of 
Dover. Why is it that some banks dry with their crests just 
awash at low tide, while others are content by some law of for- 
mation to lie beneath the sea level yet high enough to be a menace 
to navigation? 

Yours faithfully, 
8, Earls Avenue, a. Ge. 
Folkestone, Kent. Captain R.D., 
2nd February, 1950. 


SHANKLAND, 
R.N.R., F.R.S.E.) 








Mechanical Handling of Pit Props 

The Docks Executive, the National Coal Board and the National 
Union of General and Municipal Workers are co-operating in a 
most interesting development in mechanisation on the Dock Estate 
at the Hartlepools. The innovation, which may ultimately 
revolutionise pitwood handling, has the full support of 
D. & I.W.E., Port Transport and Prop Yard staff. In a part 
of the timber storage grounds the Docks Executive has specially 
laid out a site for the mechanical handling of pit props by what 
has come to be known as the “‘ Fenwick "’ method. Crane tracks 
have been provided for two large rail-mounted diesel cranes which 
are operated by a firm of pitwood wharfingers, Messrs. Fenwick 
& Co. (West Hartlepool) Limited. These cranes, with a inaxi- 
mum working radius of 42 feet, are capable of handling the 
biggest sling of props, varying from 2/3 tons. Thus instead of 
the normal man-handling of individual props it is possible to lift 
sling loads direct from wagons and dump the props into a running 
pile, using the same slings with which they had been unloaded 
from ship to wagon at the quayside. 

Quicker turn-round of ships and wagons, regular employment, 
increased productivity, greater intake capacity, and reduced fire 
risk are some of the benefits which will be derived from mechanisa- 
tion. While it will be some time before the value of the 
‘* Fenwick ’’ method can be fully assessed it can safely be said 
that it has already effected a marked improvement in the turn- 
round of ships and wagons, to the general benefit of the port 
working. The average terminal user of dock wagons has been 
reduced from the existing five days to less than three days under 
the new method and on one particular day 100 wagons were 
discharged in the storage ground against 169 loaded ex ship, or a 
terminal user of 1.69. The freer flow of wagons thus produced 
will help the port transport workers to increase the already high 
rate of productivity in discharging from ship which has shown a 
33% improvement over the last two years. 

In the storage ground it will be possible to accommodate more 
props per square yard and at the same time the fire risk will be 
less than in the case of stacked props. Above all, the new method 
will ensure regular, instead of spasmodic, employment to prop 
yard workers. 


